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| KART disease and industry are not 

incompatible. An individual may be 
productive even while bedridden with 
heart trouble a large part of the time. The 
active trained mind of a cardiac cripple 
may be more valuable in industrial prog- 
ress than a body in perfect health con- 
trolled by a dull intellect. In general, we 
have been inclined to shelter too much 
our young patients with heart disease. 
They can usually do more than we have 
permitted. An example of the interest ex- 
pressed in their own future as a group is a 
letter which I received recently from a 
young man 20 years of age who has been 
crippled since childhood by rheumatic 
heart disease, and for that reason unable to 
obtain all the education which he desired, 
and who is now facing the need of support- 
ing himself without the best training for a 


ele } 


‘lerical job. He is unable to do hard phys- 
Ice ork and cannot obtain even light 


vors because of the stigma of his heart 
C11S¢ Ic P : : 

Usease. His plea for the future of the 
sroup of young people with heart 
before the Health Service Section at the Tenth 


‘eeting of the National Safety Council, Boston, 
rT . ' ° : ms 
“9, 1921. Received for publication Oct. 17, 


disease overshadows all the rest of his let- 
ter. He is a champion of their cause. 
There are two problems of heart disease 
in industry: first, that of the individual 
worker; and second, that of the attitude of 
industry in general. My subject is con- 
cerned particularly with the problem of the 
individual, but in closing I shall discuss 
briefly the general relation of industry to 


heart disease. 


Tue INpivipuAL WoRKER 


Every industrial worker with heart dis- 
ease is a problem in himself. The solution 
of each problem depends on the answers to 
two short questions: How much work can 
the individual do? What is his future? If 
we can puzzle out the answers to these 
questions, we can solve the problem of 
heart disease in the individual industrial 
worker. The first question is a relatively 
easy one——to be ascertained at once by 
questioning the subject, by suitable tests, 
or by observing the subject while at work. 
The question would be better put as fol- 
lows: How much work can the individual 
-for sometimes a 


do without discomfort? 
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person will force himself to do work often 
very distressing and even injurious to him- 
self. 

The other question at times is a very 
difficult one to answer for the future of the 
individual depends on a number of factors. 
In the first place, a correct diagnosis is of 
prime importance, and yet is very often 
neglected. Symptoms of heart disturb- 
ance, such as palpitation (that is, the 
disagreeable sensation of the heart beat), 
pain in the region of the heart, and short- 
ness of breath, do not by any means al- 
ways signily heart disease. Nor do fainting 
attacks or weaknegs indicate heart disease. 
Nor do murmurs or rapid heart action 
And yet I have 
olten seen patients diagnosed by them- 


mean a diseased heart. 


selves, by their relatives or friends, or, not 
infrequently, even by their physicians as 
having heart disease, when to all methods 
of examination their hearts appear normal. 
This has been true in 60 out of 250 cases 
which IT have seen in consultation (24 per 
cent.) in the last two vears. To be sure, 
some of these people are incapacitated by 
their svmptoms even though their hearts 
are normal: the nervous system or thyroid 
gland may be at fault. Though it may be 
inpossible for such individuals to carry on 
ordinary work, the heart should not be 
blamed and treated, and cardiac statistics 
padded by these thousands of cases. The 
very first step in our problem, therefore, 1s 
to make a proper diagnosis. This having 
been made in its entirety, the rest, even the 
forecast of the future, is not difficult. The 
other important point in answering the 
question as to the future of a given case is 
the study of the individual’s reaction to 
medical treatment or to a definite test of 
An 
hour, a day, or a week may suffice to answer 
this. 


Diagnos Ss. 


work over a given interval of time. 


Let me now take up these 


two steps-—— diagnosis and reaction to 
work —- in more detail, since they are so 
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vital in Judging a case. Recently, diagnos. 
in heart put upon 
sound basis, and I shall discuss briefly th, 
system as It is now in use in the Heap 
Clinic at the Massachusetts General Hogs. 
pital and, in somewhat similar form, jp 
some other hospitals and cities. Because jj 
is not widely used and because it has 
proved so useful, I wish to emphasize it jy 
its value in the industrial health problem. 

In former times, and not so far back 


disease has been 


either, as any one who received his medica] 
diploma ten years or more ago will testify, 
heart disease consisted of mitral regurgita- 
tion and other such valve damage. <A little 
was said about enlargement, myocarditis, 
and pericarditis. Disturbances of rhythm 
were beginning to be recognized in a hazy 
way, very shortly to flash up and take the 
lead for a while, with such diagnoses as 
heart block and auricular fibrillation (abso- 
lute arrhythmia) sufficing as diagnoses of 
trouble. At 


kenzie’s teaching of myocardial capacity 


heart this same time Mac- 


was filtering in here and there, taught in a 


very disjointed way, unconnected with 
structural or etiological condition. Now, 


more than ever before, we see the tremen- 
dous importance of the cause of heart dis- 
ease as a vital part of our estimate of the 
heart’s condition and particularly of its 
future. Finally, at the present moment the 
best diagnosis we can make comprises all 
three factors the cause of the trouble (or 
etiology). the degree of anatomical cam- 
age, and the extent of functional npalr- 
ment. Unless all these three points are 
studied and stated, I consider the diagnosis 
of a case of heart disease iInadequat: by 
using this method not only do we have a 
clear picture of the individual at the p es- 
ent time but also a very solid founda'ton 
lor a prophecy as to his future. 

Kach diagnosis should include, th 
available information as to etiology 
the cause © 


function. If 
heart disease is unknown, it should 


ture and 
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ted. Such a declaration of our ignorance 
“|| stimulate us to study the individual 
‘iether and to search more deeply into the 


.ayses of heart diseases in general. 


‘le most common causes of heart dis- 
esse are arteriosclerosis and rheumatic 
‘over with its allied infections, such as 
-horea and tonsillitis. Syphilis and thyroid 
disease are other important causes. It is of 
much value in estimating the future of a 
person with heart disease to know what 
caused the disease. For example, given 
three hearts with organic defects of equal 
degree, the future is as a rule much brighter 
if the cause is rheumatic fever than if it is 
arteriosclerosis or syphilis. Until recently 
syphilitic heart disease carried with it an 
especially bad outlook — indeed, it was 
often only a question of a few more months 
of lite. 


future is not quite so dark. 


Now, under better treatment, the 


The next step in diagnosis is the deter- 
mination of the actual degree of anatomical 
change so far as possible — the size of the 
heart, the valve changes, the involvement 
ol the pericardium and the presence of dis- 
ease In the aorta. Careful physical ex- 
amination, supplemented if necessary by 
\-ray and electrocardiographic studies, 
will give a fairly good answer to this part of 
the problem. 

\nd then finally we come to a‘very vital 
part of the diagnosis — the functional con- 
dition of the heart. Are there actual signs 
ol heart failure, such as swelling of the 
cel, or is there severe heart pain or short- 
ess of breath in the presence of a dam- 
ived heart? If so, there is heart failure 

is, decrease in cardiac capacity far be- 
what it should be. We speak of the 


ol failure with the shortness of 


i and edema as the congestive, and the 
of failure with heart pain as the 
nal. Both are significant of serious 


| en en , 
damage and weakness. Of course, 
may be much heart disease without 


¢, but sooner or later in such hearts 


failure is apt to appear. All gradations of 
functional limitation of the heart’s capac- 
ity exist, and following more or less one of 
the classifications of the New York Asso- 
ciation of Cardiac Clinics we may speak of 
five groups of individuals with heart dis- 
ase as follows: 

1. Those able to carry on their habitual activi- 
ties (without symptoms of distress) ; 

2. Those able to carry on slightly curtailed ac- 
tivities; 

8. Those able to carry on moderately decreased 
activities; 

4. Those able to carry on only greatly di- 
minished activity; 

5. Those unable to carry on any of their habitual 
activities. 

Finally, under the heading of functional 
diagnosis are to be included the disturb- 
ances of rhythm, rate and pressure, such as 
heart block, auricular fibrillation, hyper- 
tension and pulsus alternans. 

A few examples will suffice to show the 
usefulness of this scheme of diagnoses. 
Take first a man 35 vears of age who has a 
crippled heart following tonsillitis and 
rheumatic fever twelve years before. His 
heart condition has been diagnosed as a 
leaky valve. After he has been carefully 
examined the following diagnosis 1s made: 
disease with aortic 


‘Rheumatic heart 


regurgitation and slight mitral involve- 
ment, cardiac enlargement, with normal 
rhythm and able to carry on habitual ac- 
tivities without symptoms.” Now such a 
young man, although he has a loud mur- 
mur, may be able to live an active, useful 
life of many years; only late in life may 
svmptoms of heart failure appear. The 
fact that rheumatic fever was the cause of 
his disease, the fact that his aortic valve is 
involved with little damage to his mitral 
valve (mitral stenosis would be more 
serious), the fact that he has a regular 
pulse, and, finally, the fact that he has no 
symptoms of heart failure make such a 
young man a good risk for the future. The 


only things which we must do with regard 
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to him are to be sure that his tonsils are 
removed if they are in the least diseased or 
if there is the slightest doubt as to their 
condition, and to avoid so far as possible 
further rheumatic infections (as a matter of 
fact best done by the tonsillectomy itself). 
There are many young people with heart 
trouble who are now being condemned as 
invalids and useless because they happen 
to have loud murmurs, about whom one 
may be as optimistic as I have indicated 
above. 

Take another man, 42 years of age, who 
is beginning to have heart pain on exer- 
tion. He boasts, perhaps, that he never 
was sick in his life, but on careful ques- 
tioning he admits that he had a venereal 
sore fifteen years before. On examination 
one finds his heart enlarged, with a slight 
but definite degree of aortic regurgitation, 
His 


case is diagnosed as, “Syphilitic heart dis- 


and a positive Wassermann reaction. 


ease with aortitis, aortic regurgitation, 
cardiac enlargement and normal rhythm, 
able to carry on slightly limited activity.” 
In spite of the fact that he may appear to 
be a robust man and may have only a slight 
aortic murmur, his future is very serious 
at the present stage of our medical knowl- 
edge. This is all due to the fact that syphilis 
is the cause in this instance, and not rheu- 
matism. Once upon a time both of these 
men, the one of 35 and the one of 42, would 
have been classed simply as cardiacs with 
aortic regurgitation, the younger man with 
more marked valve damage than the older. 

Finally, let us suppose another man, one 
27 vears of age, with shortness of breath 
and palpitation on moderate exertion and 
occasionally when excited. His symptoms 
are worse than those present in either of the 
two cases already cited. He gives a past 
history of the usual children’s diseases 


He has 


always been high-strung as his father was 


without rheumatic fever or chorea. 


before him. His father ts alive and well at 


The patient broke 


the age of 64 years. 


THE JOURNAL OF INDUSTRIAL HYGIENE 





down at the front during the war ajo » 
long bombardment of his trench by th, 
enemy. He was said at the time to |). 


“disordered action of the heart,” and }) 


" 
as 
been more or less incapacitated since. 
People are afraid to give him work bees 
of his symptoms and history; yet he is wel] 
educated and bright. His diagnosis jg. 
“Nervous heart with no evidence of heay 


33 


disease.” He has a rapid heart beat a; 
times of examination, and under strain js 
unable to carry on his ordinary activities as 
well as normally. Now such a man may be 
very valuable in industry. He is apt to be 
very quick to learn some delicate or intri- 
cate work and may accomplish much more 
in the end than his husky, stolid comrade 
who can do a hard day’s work with the pick 
and shovel but who rarely has an idea pass 
through his brain. Let us remember this 
large group of keen, nervous individuals 
who cannot stand a hard strain but who 
are able none the less to accomplish a 
great deal. Such young men and women, 
in spite of their symptoms, will un- 
doubtedly outlive the men with syphilitic 
Our chiet 


concern in such cases is to protect the sen- 


and rheumatic heart disease. 
sitive nervous system. The heart is sound 
enough. 

These three examples are, I believe, 
enough to show the great importance ol 
establishing a correct and complete dl- 
agnosis in each employee with heart dis- 
ease. Sometimes a case is baffling, but 1! 
+ | 


) 
114 


so, let us confess it and closely follow 
individual until we can arrive at the correc’ 
conclusion, if it be possible. 

-After the diagnosis 
1 


~ 


Functional Tests. - 
has been determined, the other esse) 
point in the proper estimation of a perso! 
capacity and future is the actual 
Many articles have been written a!) 
testing the heart’s function and some | 
of value can be extracted from them. 
must realize, however, that in a given 
it is not the cardiac function that we 0 
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with all our tests but the physical fit- 


c .s of the individual as a whole. His 
. vous system plays a part in his response 
s ‘he tests as well as his heart and other 

»uscles. The reaction of the pulse rate, 
m blood pressure, respiratory rate and gen- 
I »yal condition to measured exercise, such 
‘ 4. stair climbing, hopping on one foot, 
{ running a given distance and swinging 
| | dumb-bells, has been studied and all these 
: exercises have their advocates. Dr. May 
: \Vilson (1) of New York has been attempting 

to find the “equivalent of ordinary exer- 
: tion’ by standard tests — particularly 
: dumb-bell swinging. Two iron dumb-bells 

swung from the floor to full stretch of arms 

overhead and back again between the legs 
at a constant rate of two seconds for each 
, swing were used in testing children from 6 
, to 15 years of age. The weight of the dumb- 
. bells varied from 3 to 20 pounds, and the 


| number of swings from ten to thirty. Thus, 
in her classification, mild exercise for the 
children of from 6 to 8 years consisted in 
swinging two 14-pound dumb-bells ten 
limes, while strenuous exercise for chil- 
dren of from 12 to 15 years consisted in 
swinging two 10-pound dumb-bells thirty 
limes. Now by earrying this or some 
similar test a step further we may roughly 
correlate it to industry. If the measure- 
ment of physical action in a certain occu- 
pation can be figured in foot-pounds or 
kilogram-meters per unit of time, we may 
be able to arrive at some sort of estimate of 
the cardiae ability, always included in the 
general fitness of the individual, by the test 
ola like amount of work in a unit of time 
in dumb-bell lifting. 
Papers by Barringer (2) (3), Rapport 
'. and Mann (5) have in the last few 
years taken up the question of the signif- 
of blood pressure and pulse rate 
ves In man after exercise tests, par- 


irly the dumb-bell test.* Conclu- 


“lng a 25-pound bar over the head is a useful varia- 
¢ dumb-bell test. 
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sions to be drawn from their work are that 
the pulse rate changes following exercise 
are unreliable as evidence of circulatory 
condition, but that the systolic blood pres- 
‘alue in judging 
‘capacity, not of 


sure curve is of some 
limitations of physical 
‘ardiae capacity. Rapport, in working 
with Lewis, showed that “as an immediate 
sequence of accomplished exercise, whether 
that exercise is moderate in degree, or 
whether it calls forth a full effort on the 
part of the person who performs it, there 
is a rise of systolic blood pressure.” In 
criticizing Barringer’s reliance on a de- 
layed rise as indication of limitation of 
cardiac capacity, Rapport quite rightly 


Says: 


To speak of the rise (‘delayed rise’’) itself as an 
index of a change in the circulatory reaction is, in the 
light of our experiences, unsound; to speak of a delay 
in the full development of the rise [‘‘delayed sum- 
mit’’] with severe effort, is usually to speak cor- 
rectly. The work done by the heart in the 
intact and sentient animal at rest has never been 
accurately computed; still less has the capacity of the 
It has 


express the 


heart for work in circumstance of overload. 
become fashionable, nevertheless, to 
capacity of the heart for work in terms of measure, 
terms which do not measure that capacity, but some- 
thing which is quite different. ... A curve of 
systolic blood pressure during or following exercise 
may be an exact expression of real events; but these 
events are blood pressure events and the measure 1s 
of blood pressure and not of cardiac work jor cardiac 


capacity}. 


Nevertheless, it is true that as the degree 
of exercise done approaches the limit of an 
individual’s physical capacity, whether he 
be normal or affected with heart disease, the 
rise in blood pressure following the test 
shows a more and more delayed summit. 
With the extreme in delayed summit in a 
given person go symptoms of distress 
dyspnez Right here it 
should be said that a healthy person un- 


and exhaustion. 


trained may show this sign and these 
symptoms with considerably less exercise 


than a person with heart disease who shows 
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no failure and who has excellent reserve 
power. 

‘Two examples of the systolic blood pres- 
sure exercise test will make clear some of 
the points just mentioned. The man 35 
years of age (and 150 pounds in weight) 
with rheumatic heart disease and aortic 
regurgitation, whom we have already cited, 
is examined at rest for fifteen minutes 
before the exercise. His blood pressure, at 
first 130 mm. Hg. systolic, becomes on the 
120 mm., and is 
thereafter fixed at 120 mm. His pulse rate 


before the exercise is steady at 76. He is 


second measurement 


then put through the test consisting of 
swinging two 10-pound dumb-bells thirty 
times from the floor above the head at the 


He 


shows slight breathlessness and weariness 


rate of one swing every two seconds. 


at the end of the exercise; his pulse rate 1s 
108 and his systolic blood pressure 140 mm. 
Hye. thirty seconds after the exercise is 
stopped. (‘Tenseconds after the exercise the 
systolic pressure is 130 mm.) One minute 
alter the exercise the blood pressure be- 
comes 135 mim., and the pulse rate 90; and 
at the end of two minutes the pressure is 
125 mm. and the pulse rate 70. This is 
quite a normal reaction. 

For the second case let us take the man 
42 years of age with the syphilitic heart 
disease and aortic regurgitation, whom we 
have also cited. He is put through exactly 
the same exercise as the previous man but 
complains of considerable precordial pain 
and is very breathless at the end of the 
exercise. His svstolic pressure has gone up 
from his normal pressure of 130 mm. to 
145 mm. at the end of one-half minute, to 


160 the end of one minute. and 


nm. al 
stays at that point after one and one-half 
minutes. At two minutes the pressure is 
140 mm. 
His pulse rate, at first 80, becomes imme- 
diately after the exercise 160, at the end of 
140, and at 
100. Tt 


150 mm.. and at three minutes 


one minute the end of two 


minutes is obvious that the test 
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more than taxed the strength of this yy.) 
The delayed summit of the systolic }Jooq 
pressure is here well marked. 

Certain factors enter into such exercise 
tests, however, that render them lm per- 
fect. In the first place, muscles may }e jn 
use quite different from those exercised jy 
the particular occupation; secondly, there 
is an added strain due to nervous excite- 
ment at the time of the test: and. thirdly, 
the test lasts but a few minutes at the most. 
while the job in question lasts several hours 
every day. Thus, only a very rough esti- 
mate of individual physical and cardiac 
ability can be made from such tests. Stair- 
climbing, running and hopping are all open 
to the same objections. 

There are no short cuts to determining 
the heart’s power that I know of which are 
of universal value. Respiratory tests have 
been suggested, such as the length of time 
the breath can be held, the height to which 
a mercury column can be blown, the length 
of time the mercury column can be main- 
tained at a certain height, and the vital 
capacity. As in the case of the exercise 
tests, if these are normal the individual's 
heart cannot be in a very bad condition. 
The vital capacity test, which is the meas- 
urement of the amount of air that can be 
expired after a full inspiration, and the tes! 
of holding the breath are useful measures 0! 
the degree of heart failure present. Vital ca- 
pacity and the power of holding the breath 
are also reduced in marked psychoneurosis 
6). Similarly in these conditions the cat 


bon dioxide rebreathing test shows @ 
capacity below normal. But the only sure 
way to determine whether a man will! 


~ 


' ° Co. © 
heart disease can stand a certain jo! | 


No two jobs 
are exactly alike and no two individuals 


actually to try him out at it. 


have exactly the same kind or degree 0! 
heart disease. A few minutes, a few hours, 


or a few days at the most will answe! 


question. Having by observation, ¢% 


ination and some simple test roughly «i 
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ined the fitness of the individual, the 
act measurement of his strength, cardiac 
and general, in relation to a certain job 
syst come from the job itself. We must 
~emember, moreover, that it is possible to 
‘rain a man for a job physically as well as 
mentally though he appear incapable at 
‘he first trial. There are occupations for all 
-inds of cardiac cripples. A man unable to 
climb a flight of stairs without shortness of 
breath is obviously unfit to work as a 
freight handler, but he may prove very 
useful in keeping the office files. A concise 
folder has been published recently by the 
Association for the Prevention and Relief of 
Heart Disease (7) giving lists of occupa- 
both skilled and unskilled - 


erally suitable for people with heart disease. 


tions -gen- 
This folder can, I believe, be obtained on 
request from the office of the Association at 
325 East 57th Street, New York City. 


GENERAL RELATION OF HEART 
DISEASE TO INDUSTRY 

Having finished this brief discussion of 
the problem of heart disease in the individ- 
ual worker, I should like to conclude with a 
lew remarks on the problem of the relation 
ol heart disease to industry in general. In 
‘le first place there is not, so far as I know, 
any industrial heart disease. There is, of 
course, effort svndrome, but for that indus- 
‘ry Is not to blame. The relation of indus- 
'v to the production of arteriosclerosis is 
still a question to be solved. Arterioscle- 
Osis Is a very important cause of heart dis- 
ise as I have said, and if vears of hard 
ork produce arteriosclerosis, then indus- 
may be accused of causing heart disease. 


| factors of the individual’s suscepti- 
lity lo arteriosclerosis, of the exciting 
‘ect of hard physical or mental work, and 
‘he time element of hours of work per 
or week must eventually be studied and 
shed before we can point out how indus- 


nay be relieved of the possible blame of 


icing arteriosclerosis. 


In helping to eradicate heart disease, in- 
dustry should insist on the proper physical 
If the tonsils 
are diseased, their early removal may pre- 


examination of the worker. 


vent rheumatic heart disease or prevent 
the increase of such disease if already pres- 
ent. It is very worth while to try to eradi- 
‘ate rheumatic fever for it is one of the 
serious scourges of the youth of the land. 
If there is a history of syphilis, or if the 
Wassermann reaction is positive, proper in- 
tensive treatment may prevent syphilitic 
heart disease. Proper education and cam- 
paigning against venereal disease (including 
the adoption of prophylaxis if necessary) 
will also help, for syphilitic heart disease, 
as I have already said, is a very serious 
matter. Early recognition and treatment 
of thyroid disease may avert thyroid heart 
complications. Avoidance of long-sus- 
tained excessive physical or mental effort, 
and the insistence on regular periods of 
relaxation should reduce the degree of 
presenile arteriosclerosis. 

People should, on the average, live far 
longer than they do, though the 500 years 
of age advocated by the Barnabas Brothers 
in Shaw’s Back to Methuselah is a bit too 
great a jump from our modest three score 
and ten to accomplish at the moment. ‘To 
increase the average life, infectious disease 
must be eradicated, cancer overcome, and 
accidents and the strain of work reduced. 
There is, in general, too high a tension in 
American life, both in work and in play. 
We do not sit long enough at the breakfast 
table or over the teacups — we might do 
well here to take a leaf from the leisurely 
ways of the European. An engine run at 
high speed all the time wears out too 
quickly. ‘The 
liable to break down eventually with ac- 


human machine, too, 1s 
cident to the heart or brain. 

Not only may industry do its share in the 
prevention of heart disease but it may also 
do its part in the prevention of heart failure 


in the individual worker who has heart dis- 
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ease. ‘The tremendous improvement in the 
care of the health of workers carried out by 
industrial concerns all over the country 
makes it possible to check up frequently the 
physical condition of the worker with heart 
disease. By examinations given weekly or 
monthly or at intervals as circumstances 
demand, the earliest symptoms or signs of 
failure may be detected and proper recom- 
mendations as to treatment given. Rest in 
bed for a day or two at such a time may 
save the individual weeks of illness and loss 
of income later. It may prove to be very 
valuable insurance. Some of the cardiac 
climics in New York meet on Friday even- 
ings so that their patients may be advised 
to stay in bed for the week-end if necessary, 
with little or no loss of time from their work. 

A word should be added concerning the 
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need of special vocational training 
young people with heart disease so {| 


t 


they may be able to support themsel\ 


comfortably later in life in occupations 
which will not involve physical or meni .| 
strain. Special classes have already heey 
instituted in connection with the public 
school system of New York City with this 
aim in view. 

Finally, let me repeat that heart disease 
and valuable productive ability may co- 
We must 


know the kind and degree of the heart 


exist in the same individual. 
damage. Knowing this, we should be able 
properly to place the worker by using our 
common sense, by tests for a rough esti- 
mate of the physical capacity of the 
individual, and, finally, by the actual test 
of the work itself. 
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CARDIAC DISEASE AND ITS RELATION TO 
INDUSTRIAL EFFICIENCY * 


CAREY F. COOMBS, M.D., F.R.C.P. Lonp. 
Consulting Physician for Diseases of the Heart, Ministry of Pensions (S. W. Region) 


(From the Department of Medicine, University of Bristol) 


T a time when we are taking stock of 
A our resources and looking for means of 
increasing the national output by reducing 
our losses from disease, 1t behooves us to 
study not only the mortality records but 
also such figures as are available to tell us 
what diseases cripple men and women and 
lower their standard of efficiency. The 
best figures to which we can turn for such 
information are those supplied by the 
Ministry of National Service and drawn 
from their recruiting experiences. From 
the tables which they have published, it 
appears that about 10 per cent. of the men 
rejected as unfit for military service were 
rejected on account of valvular disease of 
ihe heart. In some districts, indeed, this 
kind of disability was responsible for more 
rejections than any other. This figure is to 
some extent discounted by the fact that 
cardiac murmurs were too readily received 
as evidence of valvular disease by recruit- 
ing authorities, the result being that many 
nen Who might have made efficient soldiers 
were rejected on inadequate grounds. On 

ic other hand, we have to recollect that of 
‘lie Tour great causes of organic heart dis- 
ises —- to wit, rheumatic infection, syph- 
high arterial tension, and ‘“‘senile”’ 
-the first 
se proportion of its victims among per- 
s of military age. The others fall with 
vier incidence on men past the age of 
\loreover, it must be remembered that 
unatic heart disease attacks 
cr oftener than men. It 


erlosclerosis alone finds a 


women 
is therefore 
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clear that cardiac disease is responsible 
for a very great wastage of the nation’s 
strength. 

It is scarcely necessary to impress upon 
the medical profession the need for a more 
concerted plan of attack upon these dis- 
eases. Already, in America at all events, 
Nor 
should we expect or wish the profession to 
regard this attack on disease primarily 
from the standpoint. Our 
chief motive for such an attack is, and al- 


there are signs of such a movement. 


commercial 


ways ought to be, the prevention and relief 
of suffering. But it is nevertheless needful 
to impress upon those who must find the 
money essential to such a campaign, that 
the study of disease and its causes will pay 
its own way, not at once, of course, but as 
the years and decades go by, with unfailing 
certainty. 

What, then, is to be our plan of cam- 
paign? Let us first review the objectives, 
and then pass to a brief consideration of 
strategy. In any attack upon disease the 
first objective must always be out-and-out 
prevention. Where prevention is not pos- 
sible, we must fall back upon plans for the 
arrest of disease. Finally, in cases of severe 
and established disease, we must have plans 
for treatment, and these must include 
economic treatment. 

lirst, how is cardiac disease to be pre- 
vented? ‘There is no disease that needs 
more time and energy devoted to the study 
of its causes than does cardiac disease. 
Kven if the belief, which I share, in the 


streptococcal origin of rheumatic heart dis- 
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ease be accepted, we are still far from 
knowing much about the influence of such 
matters as climate, soil, density of popula- 
tion, and so forth, on its initiation. ‘Thanks 
to a grant from the University of Bristol 
Colston Research Society, and to the help 
of Dr. D. 5S. Davies and his clerk, Mr. W. 
N. Brown, I have been able to make an 
investigation into the incidence of rheu- 
matic heart disease, based on the mortality 
records of Bristol. The results of this re- 
search have already been published,* and 
I am looking forward to an extended in- 
quiry into the same matter on a basis of 
data more reliable than those furnished by 
death certificates. Even in cardiac syph- 
ilis, where so much Is known as to the excit- 
ing cause, how little is known as to those 
factors which predispose to the incidence 
of the infection on the heart rather than on 
some other organ! And when we turn to 
those forms of cardiac disease which are 
related to high arterial tension or arterial 
degeneration, or both, it must be confessed 
that our study of their causation is little 
better than a mass of conjectures. 

I do not believe that we can get far in 
these researches into the factors predispos- 
ing to disease without enlisting the help of 
every medical practitioner. Before this can 
be done, however, medical men must be 
trained to think etiologically in the matter 
If we consult any of our 
the 


pages devoted to cardiac disease are divided 


of heart disease. 
textbooks of medicine, we find that 
into paragraphs on “mitral regurgitation,” 
“heart block,” and so forth — titles which 
describe symptoms, not diseases. Not until 
they are replaced by such headings as “ car- 
diac rheumatism,” “‘cardiae syphilis,” and 
so forth, shall we get students and practi- 
think of 


something with a tangible beginning, a 


tioners to cardiac disease as 


plant which ought not merely to be nipped 


The Incidence of Fatal Rheumatic 
Bristol, IS76—-1915, 1920, 


. Coombs, ts I, 
Heart 
2, 226, 


Disease in Lancet, 
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in the bud, but actually to be prevenso< 
from getting any place whatever in 


the 





ground. 
This kind of description of cardiac <j 
ase can only be built up on a systematic 


Phe bs 


study of the whole subject. What is wanted 
is exhaustive examination of a large nuy)- 
ber of cases of cardiac disease, with carey] 
records of the features of each, and classifi- 
cation into such etiological groups as T haye 
already indicated. For example, we ough 
not to be content with recording such cases 
of cardiac syphilis as manifest evidences of 
heart block; every case of the disease ought 
to be studied with the electrocardiograph, 
and the presence or absence of block in its 
When all such in- 


formation has been duly collected, it will 


various grades noted. 


be possible to write a connected account of 
each of the forms of cardiac disease, classi- 
fied under headings which bear reference to 
causation. ‘Then the medical profession will 
be armed with the information essential to 
a study of factors predisposing to cardiac 
disease, and we shall be able to get on with 
our task of finding out what those causes 
are. As I have already said, this can only 
be carried out by the general co-operation 
of the whole profession, and some better 
plan must be devised than the present one, 
by which family doctor, laboratory worker, 
and medical officer of health work sepa- 
rately from each other. 

As to the second line of objective 
arrest of disease in an early stage — there 
is little enough to be said, with one excep- 
tion, and that relates to rheumatic hear' 
disease in its childhood stage. ‘The course 
of this disease is one of progress, not sus 
tained or interrupted, but marked by 
series of active phases, each lasting a fc 
days or several weeks. In a certain pc) 
centage of cases the child is killed by t! 
first of these phases. In a very few there | 
but one such phase, from which the cliic 
recovers, without further recurrence. ! 
most cases the active phase of the disea 
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.yps from time to time, each attack leav- 
‘yo the heart more damaged than before, so 
‘at the patient, if fortunate enough to 
-opvive into adolescence or adult life, finds 
himself handicapped at the outset of his 
wage-earning career by a crippled heart. 
Only too often his education has been so 
‘iterrupted by the active phases, which 


keep him away from school, that he is fit 
for nothing but general labor. Ill equipped 
‘1 mind, and dangerously crippled in body, 
he has little chance of doing any useful 
work. It 
make some provision for his education to be 
carried on quietly during his periods of ill- 


would be well worth while to 


ness or, at all events, of convalescence — 
such provision as is being furnished in the 
analogous case of the tuberculous cripple. 
There is no reason why the same building 
that 
treatment 


houses the latter, providing both 
and education, should not be 
used for the rheumatic child also. Indeed, I 
believe that this is actually done at the 
Liverpool Country Hospital for children. 
The number of beds needed in each large 
city would not be great; one might begin 
with a dozen in Bristol, for example. 
Arrest of other forms of cardiac disease 
in an early stage does not at present seem 
practicable, though it is possible that closer 
study of eardiae syphilis might discover evi- 
dences earlier than those at present known 
to us. Unfortunately, this and the arterial 
lypes of cardiac disease attack the patient 
When he has already reached or passed the 
watershed of life, so that his chance of ef- 
lecling successful repair is small. 
The third objective - 
‘realment of established disease - 


better 


- Comes 


line of 


‘hin the scope of this article only in its 
diion to the 


One of the lessons of the war has 


patient’s capacity for 
' that many people with severe cardiac 
Ns can nevertheless do a_ surprising 
unt of work with impunity. Unfor- 
‘ely, however, it is difficult for such 
‘© to compete in the open labor mar- 





ket with those whose hearts are sound. 
Employers are surprisingly considerate in 
such cases, but it is impossible, under the 
industrial conditions of the moment, to 
arrange for the interrupted work of these 
cripples in workshops and factories that are 
geared to run continuously at a high rate of 
efficiency. On the other hand, during the 
periods which many of them spend in the 
hospital, under observation, they have 
nothing to do, and this does no good to 
their morale. They would be better in 
every way if they had some kind of occupa- 
tion. Workshops, similar to those provided 
for crippled ex-service men, ought to be 
attached to the hospitals so that these pa- 
tients might be given an opportunity of 
combining productive work with institu- 
tional treatment. 

In order to bring into being these pro- 
posals, little or no expenditure on building 
would be needful. All that is required in 
each large city, in each university city al 
all events, is that there should be such a 
rearrangement of the existing resources as 
to provide the team of practitioners spe- 
cially interested in cardiac disease with a 
consultative out-patient department, hos- 
pital beds for the treatment of severe cases, 
and premises for the housing and treatment 
over long periods of such cases as I have 
alluded to in the two preceding paragraphs. 
The team must also have at its disposal 
such electrocardiographic and other appa- 


ratus as is needful for the careful and 
systematic study of cardiac disease. By 
this means knowledge will be gained which 
will be imparted to the students — the 


the immediate future. 


Last but not least, this central organization 


practitioners of 


must be in touch with the practitioners of 
This will confer benefit in both 
the 
who would gain the breadth of view and 


the area. 


directions — on cardiac specialists, 


sense of proportion that close attention to 
one branch of medicine is apt to impair; 
who 


and on the general practitioners, 
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would assimilate and apply each new dis- 
covery as It was made. 

As an outcome of such co-operation it 
should be possible not only to diminish ap- 
preciably the sum total of human suffering, 


but also to effect such an economy of });. 
power as amply to repay the mode 
outlay necessary for the initiation 
maintenance of the organizations 
posed in this article. 





Dro- 




















CHRONIC MANGANESE POISONING: 


TWO CASES * 


GEORGE G. DAVIS, M.D. 


Chicago, Illinots 


AND 
WALTER B, HUEY, M.D. 
Joliet, Illinois 


| is the purpose of this paper to call at- 
| rention to two cases of manganese pol- 
soning occurring in steel workers who were 
engaged in handling manganese in the 
Bessemer process of making steel. 

\Mianganese poisoning, though a 
paratively rare finding, presents a symptom 
complex, definite and constant enough to 
be readily diagnosed, and should be sus- 
pected in workers handling manganese. 
This metal is used in the chlorine industry 
and to aid in liberating chlorine gas, in the 


com- 


liberation of oxygen, in dyeing, coloring 
glass, charging galvanic cells, in making 
lacquer, varnish and oil paints, enamel 
and linoleum, and in marbling soap. Man- 
ganese poisoning is also noted in workers in 
industries dealing with other metals or 
their ores, in which manganese exists as an 
impurity, and it was under such conditions 
that Casamajor (1) met his cases. Man- 
ganese Is used extensively as an alloy with 
nickel and steel. | 

he number of cases of manganese poi- 
soning is not large nor is there an extensive 
literature on the subject. Couper (2), in 
(837, described characteristic symptoms in 
workmen in a chemical factory where man- 
gunese dioxide was ground in the manu- 
‘aclure of chlorine for bleaching powder. 
In 1901 (October 7), R. von Jaksch (3) 
Cescribed similar symptoms in three work- 
‘cl employed as grinders of manganese 
dioxide, but diagnosed the findings as 
cal cases of multiple sclerosis. H. 
den (4), in an article also published in 
October 15), described characteristic 
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symptoms in men employed in grinding 
manganese dioxide, and di- 
agnosed chronic manganese poisoning. In 
1903 and 1904, respectively, Friedel (5) and 
Seiffer (6) reported cases which presented 
characteristic symptoms. Several years 
later von Jaksch (7) (8) and Seelert (9) 
summed up the fifteen cases of manganese 


correctly 


poisoning in Europe described in the above- 
1915, 
major reported nine cases occurring in this 
country. In 1919, Edsall, Wilbur and 
Drinker (10) summarized the literature to 
date and reported the details upon three of 


mentioned articles, and in Casa- 


the thirty cases which they examined. 


ETIOLOGY 


The chief etiological factor by means of 
which manganese enters the system is un- 
the 
writers’ cases fumes must have played a 
role. It has been pointed out by Oliver and 
others that most of our industrial poison- 


doubtedly coarse dust, though in 


ings are taken in the form of dust, and not 
so much the dust which is inhaled as that 
which is swallowed in the saliva. In his re- 
ports, vorJaksch stated that no new cases 
developed when the dust was abolished. 
Embden likewise ascribed his cases to 
manganese dioxide dust, as did also Casa- 
major and Edsall, Wilbur, and Drinker. 
In order to supplement these clinical 
findings by analytical data, Reiman and 
Minot (11) made a study of the absorption 
and elimination of manganese ingested as 
oxides and silicates, in which they came to 


the following conclusions: 
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Ores containing manganese as oxides and silicates 
are soluble in gastric juice. Manganese is absorbed 


in the blood stream causing in most cases a slight 


temporary rise in manganese concentration fol- 
lowed by a quick return to normal. In none of the 
cases studied was the manganese content of the 


blood increased by the ingestion of manganese ores 
to a value more than double the normal level, and in 
some of the subjects no increase was noted. We sug- 
gest that individuals of the first group would prob- 
ably be more susceptible to manganese poisoning 
than those of the latter. 

Kven prolonged feeding of large amounts. of 
manganese ore to dogs failed to produce significant 
changes in manganese content of blood and tissues 
or to cause any pathological symptoms. Manganese 
ores are thus very non-toxic and in order to produce 
symptoms of poisoning must be ingested by individ- 
uals who are peculiarly susceptible. Clinical expe- 
rience [10] has demonstrated that such persons are 


extremely rare. 


SYMPTOMS 


Kdsall, Wilbur and Drinker (10), 
have made a careful review of the subject 


who 


of manganese poisoning and have reported 
cases of their own, summarize the symp- 
tomatology thus: 


As we have seen chronic manganese poisoning the 
We have 


numbered them in the most common order of ap- 


following findings make the syndrome. 


pearance. It is difficult to emphasize in any written 
description the clearness with which the symptoms 
come out and the ease with which the diagnosis can 
be made. 

1. A history of work in manganese dust for at 
least three months. 


2. Languor and sleepiness. 


8. Stolid, mask-like facies. 


t. Low monotonous voice. Economical speech, 


5. Muscular twitching, varving in degree from 
a fine tremor of the hands to gross rhythmical move- 


ments of the arms, legs, trunk and head. 

6. Cramps in the calves and a complaint of 
stiffness in the muscles of the legs, the cramps usually 
coming on at night and becoming worse after a day 
of exertion. 

7. Slight increase in tendon reflexes. 


8. Ankle and patellar clonus. Frequently by 


stretching any of the muscles of the body it is pos- 
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sible to elicit rhythmical contractions. BR, 
sign is inconstant; there is no incoordination. 


9. Retropulsion and propulsion. 


10. A peculiar slapping gait. The patient 


7 
as 


as broad a base as possible, endeavoring iny,|y). 


tarily to avoid propulsion. The shoes are worn 


evenly and we have not been able to convince oy. 
selves of the pronounced tendency to walk on {he 
region of the metatarso-phalangeal joints, a featyp. 
strongly emphasized by von Jaksch [7]. 

11. Occasionally, uncontrollable laughter: — |ecc 
frequently, crying. 

12. Uniformly absent are any disturbances of 
deep or superficial sensation, eve changes, rectal. 
genito-urinary or gastro-intestinal disturbances. ye 
actions of degeneration, blood, urine, and_ spinal 
fluid alterations. It is significant that, unlike lead. 
manganese produces no life-shortening degenera- 
tions. Seriously poisoned men are long-lived cripples. 
The metal apparently makes a very definite attack 
upon some non-vital portion of the neuromuscular 
system, destroys it thoroughly, if time for action is 
permitted, and leaves the victim quite well in every 
other respect. 

We have never seen either the salivation or edema 


described in foreign cases. 


PATHOLOGY 


The pathology of this condition is not 
clear. Von Jaksch reported that he never 
found any pathological lesions postmor- 
tem, but he does not state the details of lis 
investigation. Casamajor had an autopsy 
He reported the 
appearance of degeneration in the longitu- 


in but one of his cases. 


dinal fibres of the pons in isolated bundles 
lying mostly close to the raphé. This degen- 
eration was seen only in the pons. He was 
unable to reproduce it in rabbits or dogs. 
Further autopsy studies of these cases 
would be desirable, but as the patients do 
not die of manganese poisoning per sé, and 
as cases of the poisoning are comparatively 
rare, little is known of the pathology. 


‘TREATMENT 


Prophylaxis is the only hope in the | 
ment of chronic manganese poisoning 
asmuch as dust was the means by 
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ing occurred in the writers’ cases, it 
» that, in order to remove all possibil- 
’ poisoning, dust must be eliminated 
processes In which workers handle 
-anese. If this cannot be accomplished, 
soeess should be rearranged or discon- 
Hnued, as it was in the plant in question. 
(;oneral eliminative measures by means 


‘dicated, but little is to be looked for in 


{ {he kidneys, skin and intestines, etc., are 


‘he way of improvement under such treat- 
men ; 


PROGNOSIS 


In patients manifesting minor symp- 
toms, recovery may take place. If, how- 
ever, the patient has progressed to more 
advanced stages, the disease may be ar- 
rested, but a cure will not be forthcoming. 
The disease is not fatal, and the condition 
of the patient continues for months or 
vears without change. 


REPORT OF CASES 


The writers’ two cases occurred in work- 
men who were occupied in the process of 
making manganese steel. A few words con- 
cerning the process may elucidate the en- 
vironment in which they worked. 

In the Bessemer process for making steel, 
molten iron from the blast furnaces is car- 
ried in large ladles to the converters, which 
are retorts shaped like an egg with a por- 
tion of the small end cut off. These con- 
verters are pivoted near the center and are 
“0 made that there are openings in the 
end from which heated gases may be 

through the molten iron, for the 
eof oxidizing a part of the carbon 

's In solution in the molten iron. 

‘his carbon is oxidized to a certain 
ne resulting mixture is known as 


iolten iron from the blast furnace is 
lirectly into the opening in the top 
onverter, after which the blast is 
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turned on and the gases are forced through 
When the oxidation has 
progressed sufficiently, the blast is shut off 
and the converter is tilted so that the mol- 
the 
opening in the top into a large ladle which 
is suitably placed to receive the steel as it 


the molten iron. 


ten steel, which remains. runs from 


pours from the converter. From this ladle 
the steel is withdrawn into moulds, and, 
alter cooling, forms what is known as an 
ingot. The ingot is then made into the 
various shapes desired. 

In the 
steel, manganese is added to the steel in a 
definite proportion and it immediately dif- 
fuses through the mass of steel. When the 
manganese is fused in the electric furnace, 


process of making manganese 


a definite amount of molten manganese Is 
added to the steel and there results a prod- 
uct, the composition of which is uniform. 
Previous to the use of the electric furnace 
the the 
molten iron as it came from the blast fur- 


solid manganese was added to 
nace, and in the oxidation process a portion 
of the manganese was also oxidized, so that 
the resulting composition of the steel was 
not so definite nor so uniform. 

In the operation of the electric furnace 
there are three large carbon electrodes, and 
the electric are between these electrodes 
generates the heat which causes the fusion 
of the manganese. The electric furnace in 
use at the plant in question, when the two 
cases of manganese poisoning occurred, was 
a large steel chamber lined with firebrick 
and provided with two openings — one a 
sliding door (Figure la) through which the 
solid chunks of manganese were shoveled 
into the interior, the other a small opening 
connected with a spout (Figure 1b) from 
which the molten manganese was poured 
into a small ladle. The molten manganese in 
this small ladle was poured into the molten 
steel which had just been poured from 
the converter into the largeladle. When the 
sliding door was open for recharging the 


furnace, the heat within the furnace was 
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so intense that a considerable quantity of 
brown manganese fumes from the furnace 
escaped from the door into the surrounding 
atmosphere and entered the mouth, throat, 
and lungs of any person who was in the 
vicinity. Mr. S., superintendent of the 


en 


%, 
Ly, 





lic. 1. — Electric furnace which was located in a room 
about 25 feet square. 

(a) Charging door, into which the manganese was 
shoveled. At each charge the door was open long enough to 
allow 150 pounds to be shoveled in — about fifteen seconds 
— and during this time the fumes escaped freely. 

(6) Spout from which liquid manganese was poured and 
from which fumes escaped in large quantities. 


Bessemer department, stated that there 
was the same taste to the smoke that he had 
had pre- 
viously been ground and the dust had en- 


experienced when manganese 
tered his mouth, and he believed that there 
was a considerable amount of manganese 
in the smoke which escaped. At his sugges- 
tion, therefore, the fumes from the electric 
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furnace were analyzed, and were foj;:,< lis 
contain a high percentage of many. hese, 
as did also the dust on the ledges j) the 
same room. (See Table 1.) 


TABLE 1.— ANALYSIS OF COARSE DUs7T AND 
FUMES FROM ELECTRIC FURNACE 


) 
Analysis of Fume 





| Analysis of Coarse = 
Substance | Dust from Electric from Electric 

| Furnace Furnace 

| “ as. 
Sa he | 17.14 | 23.38 
ne | Sey | 8.87 
Carbon. | 17.18 | 19.30 
FeO3........0.05. | 9.46 | 2.96 
rer ere | 6.36 | 6.54 
re | 38.16 18.72 
Nd oo a of ehh ng | 1.40 1.56 
MgO............. 5.28 | 15.50 
Phosphorus | 0.13 


Such was the environment in which were 
employed the two workmen whose his- 


tories are given below. 


CasE 1. History. —N. V., an Italian, 25 years 
old, Feb. 1, 1916, and 
subsequently at various times during the early 


Was examined first on 
months of that year. He gave the history of always 
being well and never having had any accidents or In- 
juries or bad habits. He did not drink or smoke. He 
He had been 


married four years; his wife had been previously 


had been in this country ten years. 


married but had never had any children. He begat 
working for the Steel Company on Sept. 25, 1912, as 
a laborer, and continued as a laborer until Feb. 16, 
1914, when he was transferred to work as a charger 
at the electric furnace where ferro-manganese Was 
fused before it was added to the converter to make 
He continued in this work until 


: ++ 
found i 


unt of 


manganese steel. 
the time of examination when his foremat 
necessary to change his employment on acc 
increasing mental dullness. 

Conversation with the patient and his wil 
out the facts that early in October, 1915 
to be sleepy and indifferent, and that durin: 
mas week he took no interest in the festivit! 
he had greatly enjoyed in previous years 
after Christmas his wife noticed that he » 
tremulous, especially at the table, that 
tion persisted during sleep, and that he ' 
disposed to stagger on his feet as thoug! 








re 
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deus Moreover, about the same time he would 
-_ ekwards and occasionally would fall back- 
on Two or three times in succession, while try- 
” put up some window shades, he lost his bal- 
ance, finally falling backwards to the floor. 


Snetimes his wife noticed that his face was very 


| she said that it looked different — meaning 


red, Liitd s 

that his expression was different. She also noticed 
‘hat he would laugh frequently without any appar- 
ant cause, contrary to his former way of doing. 


Sometimes he would laugh at whatever was said to 
him. She noticed, too, that he had difficulty ‘in 
soughing and that he did not seem to be able to 
cough up the accumulations in his throat. 

The patient complained of weakness in his hands 
and legs since Christmas of 1915, and noticed that 
when going downstairs his legs trembled and he felt 
nsecure. He always staggered backwards when he 
lost his balance. He made no complaint of loss of 
sphincter control or of sexual disability. 

His wife said that his memory was all right. She 
noticed that his neck gradually became larger and 
that, although formerly he had worn a size 15 collar 
with comfort, a number 16 now seemed rather tight 
for him. He did not complain of headache, and his 
appetite remained good and his bowels were regular. 
She stated that at times his speech was normal but 
that often it was necessary to ask a question several 
times and even to speak sharply before an answer 
was obtained. She also noticed that in friendly 
scuffles she was stronger than her husband, whereas 
formerly the reverse was true. His disposition, she 
said, was becoming ugly and he had attacks of vio- 
lent temper which were quite short in duration. In 
one of these fits of anger he threw a piece of soap at 
ier, striking her side and bruising it. Immediately 
alter this he showed that he was sorry that he had 
hurt her, 

Examination of Patient. — The patient was a very 
strong muscled, thick-set Italian. His face was ex- 


Tyr 


pressionless and mask-like. (Figure 2.) Over the 
ose and each cheek, somewhat in the common dis- 
ni of lupus, there was distinct erythema, 
whitened to finger pressure, and on the left 
‘ere Was some scaliness. He closed his eyes, 
Ul his facial muscles, protruded his tongue in 

le line, and the tongue was not tremulous. 
af is lips firmly under expiratory effort. He 
ort whistle but no longer whistled con- 
as he had been in the habit of doing. He 
ilty, apparently, in taking a deep inspira- 
ited efforts failed of the desired result, and 
examination he seemed to be disturbed at 
an accumulation of mucus in his throat. 


nose test was accurate but irregularly 


tremulous. The patient stood well with his eyes 
closed, but not so well on his left foot as on his right. 
He walked in a rather uncertain fashion, though not 
in a definitely atypical way. Reflexes were normal 
throughout. 

The patient signed his name and wrote his street 
number with comparative readiness, but his writing 
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ic. 2. — (Case 1.) Showing the characteristic expres- 
sionless and mask-like facies. 


was cramped and his wife said that it was different 
from what it used to be. His arterial pressure was 
70-92, with a pulse of 80. His tremor was not much 
exaggerated on volition; he poured water from one 
test tube to another fairly well. There was no body 
tremor, no tremor at rest. He articulated every word 
but not clearly, and his speech was muffled and 
difficult to understand, seemingly because of the 
motionless condition of his lips and mouth parts in 
the effort of speech. At times during the interview 
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he did a little laughing without its being apropos, 
and at other times he laughed at something that was 
said which he may have considered amusing (Figure 
3). Voluntary strength and grasp and _ resistive 


movements at the elbow and shoulder and in the 


_ 


% + pr a ae gis 





Mia. 3. — (Case 1.) Unmotive laughter was a prominent 


symptom in this case. 


lower extremity seemed to be very great, in spite of 
his complaints of weakness. 

During the examination the patient stepped off the 
scales backward and was unable to stop until he had 
walked backward to the opposite wall, a distance of 
12 feet. 


given a slight push in a backward direction he would 


about Then it was noted that if he were 
walk back several steps before recovering his bal- 
ance. He expressed no sense of fear of falling and 
smiled as he walked back. 

While the patient was in the hospital for observa- 
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tion it was noted that he slept a great deal durije 4), 
° the 


day as well as at night. His pulse, temperat and 
respirations were normal. 

An X-ray examination failed to reveal » pa- 
thology in the lungs or gastro-intestinal tract. His 
urine was normal. His feces and urine were ex; 1 ined 


for traces of manganese, but none was found. \ 


Wassermann test on the patient’s blood gave a fray 
negative reaction. Blood examination — shovwe, 


hemoglobin 85 per cent., white cells 7,250, red « 
5,640,000. 


usually high erythrocyte count, it should be under. 


UN 
As a probable explanation of this 


i 


stood that there was added to the ferro-manganese a| 
intervals a certain amount of limestone and coke. 
and it is possible that there was a sufficient amonn} 
of carbon monoxide given off from this coke — there 
being no air supply to the interior of the furnace 

to produce a mild form of carbon monoxide poisoning. 
History. 


a married man, without children, had been in the 


CASE 2. S. K., a Hungarian, aged 32. 
employment of the Steel Company since Feb. 17, 
1906, but he was laid off on account of lack of em- 
ployment on March 6, 1908, and he returned to work 
on Oct. 20, 1908. During this time he was employed 
as a runner in the converter until May 7, 1913, when 
he became a weigher at the electric furnace, weigh- 
ing the manganese in the ladle as it was poured from 
the furnace. He was doing this work until the latter 
part of 1915, when he found that he was unable to 
continue. On Jan. 31, 1916, Mr. S., the superintend- 
ent of the Bessemer department, stated that this 
man had for some time past been a very able and 


efficient workman but that he had noticed a gradual 


1 
' 


decrease in his energy and mental acuteness, and 
had thought that he was becoming lazy. Mr. 5. said 


that the man seemed to be dull mentally and that lus 


movements were sluggish, and that when asked wh) 
his work was so poor he responded that he «id not 


know, and seemed indifferent. 


This patient was examined first on Feb. 1, 1916, 


and has been under observation at various times 


’ ’ 
r had 


since. When questioned, he stated that he nev: 
habits. 


] 


on, ne 


any serious illness, accidents, or dissipated 
A little over a year before the first examina! 
began to notice that he was having some diffi in 
walking —a tendency to trot forward or backwar' 
when first starting off, and a little trouble 
He had no feelings 0 
dizziness, however. He said also that he ha 


About this 


time his speech became muffled and indisti 


down hill or downstairs. 


numbness in his fingers and his toes. 


became weak, and had continued so up to th 


examination. 
Examination of Patient. — At the time 0! 


examination, the patient presented a pecul 








DAVIS AND HUEY — CHRONIC MANGANESE POISONING 237 


a mask-like face (Figure 4), commonly 


sslon, « 


it’ 
id . ye contours and appearance of a fixed smile 
M "4 y . . . 
-howed his teeth. This was not invariable, but 
a. ; ) frequently present and tended to be rather per- 
2 He walked fairly well, but said that he had 
7 
\ 
ik 
(] 
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it 
; 
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Z Case 2.) This patient presented a peculiar 
pression, mask-like face, with the appearance of a 


ntinual, fixed smile. 

nation to hurry ahead and he did, as a matter 
. Walk with rather short, hastening steps. He 
licated that at times he ran backwards. He 


, 


at he slept well, had a good appetite, good 


good bowel action, entire control of the 


and a reasonable amount of sexual ability. 


cre cold and eyanotic, and the nutrition of 


cle about the nails did not seem to be good 


: | ‘here was a suggestion of glossiness about 





i | . ° 
hat he had no sensory disturbance, but his 


Cranial nerves seemed to be all normal as to vol- 
untary control and as far as reflexes were concerned. 
The deep reflexes were also all present and about 
normal, certainly not at all exaggerated. This was 


true of heel jerks, knee jerks, wrist and elbow jerks. 





Fic. 5. Case 2.) Unmotive laughter was a prominent 


; 
symptom in this case also. 


The patient’s writing was small and cramped and 
attempts to write a larger script even with a pencil 
failed. 
with a fair amount of speed for a laboring man. He 


He wrote. however, with readiness and even 


said that he could read and write but that he did not 
spend any time in reading. His speech was par- 
He talked with lips slightly re- 


tracted and motionless, teeth almost together, tongue 


ticularly peculiar. 


apparently immobile, and his voice was low and 
the 


scured, He tended to answer in monosyllables, and 


monotonous, enunciation deliberate and ob- 
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seemed to have great difficulty in formulating a sen- 
tence. When asked how long he had worked on the 
furnace, he undertook to say that he had worked two 
years and eight months, and after a long pause one 
could understand the “‘ two,’’ and he drawled “‘aaaa”’ 
for a long time until it seemed that it would be im- 
possible for him to enunciate anything at all, and at 
the end of a continuous drawling ‘“‘a,”’ dropped out 
“eight months”’ rathewabruptly. It was impossible 
to understand him when he attempted to explain 
anything, and anything besides 


b] 


“ves”? and ‘“‘no’ 
could be understood only with considerable uncer- 
tainty and guessing, yet he seemed mentally clear 
though apathetic. 

No decided tremor was observable, but upon hav- 
ing the patient extend his fingers one could see and 
feel a tremulousness in the hands and arms, with 
some lack of co-ordinate control of the phalanges of 
the fingers. He poured water from one tube to an- 
other with steadiness and precision. He made all 
sorts of indicated voluntary movements with readi- 
ness. His grasp was greatly weakened in both hands, 
and his ability to resist passive movements com- 
municated to his arms, especially at the elbows by 
the contraction of the biceps, was reduced. The leg 
muscles also seemed somewhat weakened. The eve 
grounds were normal. 

Kxamination of the blood showed hemoglobin 90 
per cent., leukocytes 8,000, erythrocytes 6,400,000. 
This unusually high red cell count was the result of 
a mild form of carbon monoxide poisoning, the ex- 
planation of which is noted in the preceding case. 


A Wassermann examination of the blood was nega- 
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tive. A chemical analysis of the urine and 
showed no trace of manganese. The urine exay)jn,9. 
tion was otherwise negative. An X-ray examinatioy 
of the lungs showed no evidence of manganese jp. 
filtration. The patient’s temperature, pulse ang 
respirations were normal. A tendency to sleep and 
unmotive laughter were marked symptoms (Figure 
5). : 

In May, 1917, it was noted that there was a 
marked falling out of the patient’s hair, and on the 
right side along the hair line above and behind the 
right ear for a length of 5 inches, there was an area 
about 1 inch wide which was entirely denuded of 
hair. The hair in other parts of the scalp was easily 
removed by slight pulling. 


a | ‘PS 


The diagnosis of chronic manganese 
poisoning in these two cases was first made 
by Dr. Huey. The neurological examina- 
tions were later made by Dr. Archibald 
Church who confirmed the diagnosis. 

The operation of the electric furnace, 
which was used to melt the manganese 
compounds, was discontinued when it was 
established that these men were suffering 
from chronic manganese poisoning. ‘This 
was done because no practical way was 
found to eliminate entirely the dust and 
fumes from the furnace when it was in 
operation. 
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INTRODUCTION 


ITH the entrance of the United 
\ States into the World War, the pre- 
vention of poisoning among American 
munition workers presented a public health 
problem of considerable importance. Pre- 
vious experience in other countries had 
demonstrated that the productiveness of 
munition plants was dependent, to a large 
extent, on the prevention of such poisoning. 
Protection of the health of thousands of 
workers engaged in this industry was also a 
matter of much concern. Our allies, Great 
Britain in particular, had fortunately given 
this matter serious thought and consider- 
able scientific work had been done with a 
view to reducing the health hazards in 
munition plants. 

The most important explosives used for 
the manufacture of shells belong to the 
group of nitro derivatives of aromatic hydro- 
carbons, aniline and phenol. Among these 
trinitrotoluene (com- 
monly called T.N.T., triton, or trotyl) was 
predominantly used in this country and in 


nitro-compounds, 


england on a very large scale. Inasmuch as 
the experience with this explosive in Great 
britain had called attention to the serious 
health hazards connected with its manu- 
cture, and especially its handling in the 
filling of high explosive shells, there ap- 
cared soon after the entry of the United 
‘ies into the war several articles dealing 
i this subject. 
in the Public Health Report of Nov. 16, 
17, Surgeon J. W. Schereschewsky (1), of 
United States Public Health Service, 
an expose of the practical aspects of the 
‘he details and the methods used in this investiga- 


be found in Hygienic Laboratory Bulletin No. 126. 
i flor publication Sept. 21, 1921. 
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problem as ascertained by an inspection of 
the plants where T.N.T. was manufactured 
or used in the filling of shells. W. G. Hud- 
son (2) (3), medical director of the Du Pont 
Company, and Alice Hamilton (4), of the 
United States Department of Labor, also 
contributed papers dealing with T.N.T. 
poisoning in factories in this country. 
H.S. Martland (5) described the first fatal 
case of T.N.T. poisoning which had oc- 
curred in the United States. 

Although no accurate statistics were 
available on the incidence of 'T.N.T. poison- 
ing in this country, inspection of various 
factories engaged in this industry had 
shown that the health of a considerable 
number of workers was affected by the con- 
stant contact with T.N.T. Being charged 
by Congress with the safeguarding of the 
health of the civil population, it became the 
duty of the United States Public Health 
Service to undertake an investigation of 
the best ways and means for the prevention 
of T.N.T. poisoning, inasmuch as it was 
evident that the available information was 
not adequate enough to lay down safe rules 
for this purpose. For instance, no satisfac- 
tory data were known as to the production 
and characteristics of T.N.T. poisoning in 
animals, data which were obviously needed 
to serve as a firm basis for the understand- 
ing of the nature, diagnosis, and prevention 
of ‘T.N.T. poisoning in man. Accurate ob- 
servations were also lacking in regard to the 
degree of contamination of factory air with 
T.N.T. under 


which are essential for purposes of proper 


various conditions, data 
ventilation of these plants. For these rea- 
sons the Hygienic Laboratory undertook a 
co-operative investigation, the Division of 
Chemistry concerning itself with (1) the 
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the 
T.N.T. at various temperatures and the 
amount of T.N.T. present in the air of 
various parts of a shell-filling plant, and (2) 
the quantitative determination of T.N.T. or 


determination of vapor pressure of 


its derivatives in the urine. The Division of 
Pharmacology was charged with the study 
of the pharmacological aspects of the prob- 
lem, with particular reference to (1) the 
elaboration of reliable and simple tests for 
the diagnosis of mild poisoning, (2) the in- 
vestigation of the channels of absorption to 
the poison by the animal body, (3) the dis- 
covery of prophylactic methods, ete. It 
was in the nature of the problem that the 
practical aspects dealing with the recogni- 
tion and prevention of T.N.T. poisoning 
should receive the major attention, al- 
though a number of very interesting obser- 
vations were made which, as will be seen, 
have an important bearing on the subject of 
blood destruction and regeneration. 

The data included in this report deal 
the the 


Pharmacology. ‘They are divided into two 


with work done by Division of 
parts, the first one dealing with experi- 


mental TNT. 


dogs, and the second with the investigation 


poisoning as produced in 


of ‘TLN.T. poisoning in a large shell-filling 
plant. The results obtained by the Division 
of Chemistry will be published elsewhere. 


EXPERIMENTAL TNE. POISONING IN 


ANIMALS 


As previously stated, the literature con- 
tains little satisfactory information con- 
cerning the production of typical T.N.T. 
White and Hay 
(6), on the basis of a few experiments on 
rabbits, considered T.N.T. “‘as 
not poisonous under ordinary use.” Moore, 
Webster, and Wyon (7) state that they 
were not successful in producing toxic symp- 


poisoning in animals. 


eats and 


toms in guinea-pigs exposed for several 
weeks to T.N.T. fumes in factories, whereas 


kittens under similar conditions showed 
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evidence of poisoning (Cyanosis). ‘hyo 
animal work of these investigators wa. 
largely confined to rabbits and guinea-pigs. 
which were given one or a few large doses. 
ranging from 10 to 9,000 mg. per kilo body 
weight. The British report, while contaiy. 
ing extremely valuable information, does 
not include any really satisfactory informa- 
tion on T.N.T. poisoning in animals. This 
is due to the fact that the species of animals 
selected for the work happened to be highly 
resistant to the toxic action of T.N.T. It is. 
of course, possible to kill even a highly re- 
sistant animal with massive doses of the 
poison, but it is questionable as to whether 
the symptoms and pathological changes 
thus produced correspond to those found in 
T.N.T. workers who, according to clinical 
observers, must be exposed to T.N.T. for at 
least four weeks. 

During the progress of our work a brief 
abstract of the work of Kramer and Meier- 
hof (8) appeared, in which these authors 
reported some experiments dealing with 
T.N.T. poison in dogs. They noted the 
following svmptoms: vomiting, diarrhea, 
depression, and weakness. Examination of 
the blood revealed the presence of a leuko- 
cvtosis, polychromasia, and an increase in 
nucleated red blood cells. The necropsy 
findings were negative, with the exception 
of a moderate degree of central degenera- 
tion in the liver and an increase of blood 
pigment in the bone marrow, lymph nodes, 
and spleen. They called attention to [lic 
absence of any lesions which might explain 
the death of the animals, particularly the 
absence of acute yellow atrophy of the 
liver. 

It was to find a 


therefore necessary 


highly susceptible animal. 
General Plan of Investigation 


Preliminary experiments with gu! 
pigs and albino rats confirmed the 


viously noted statements of the Briis! 














2 ee 


sstigators that these animals are highly 
‘ staid to T.N.T. That the animals ab- 
jyed the poison was evident from the 
ange in the color of the urime and the 
) sitive Webster test. In rats the urine 
ytains a bright pink after 
iNT. is given either by mouth or sub- 


pigment 
taneously. The first few experiments 
i, dogs and cats, however, showed that 
ose animals develop the typical symp- 
oms which are seen in T.N.T poisoning in 
man. Dogs were finally chosen for this in- 
vestigation as these animals seemed to be 
sensitive to T.N.T. and as they were of 
sufficiently large size to permit the frequent 
withdrawal of small quantities of blood for 
examination. 
In view of the fact that T.N.T. poisoning 
1 munition workers is essentially of a 
chronic nature requiring several weeks or 
even months for its full development, it was 
desirable to produce an analogous condition 
in dogs by the repeated administration of 
relatively small doses of T.N.T. over a long 
period of time. A small number of experi- 
ments dealt with a study of acute poison- 
ing. For this purpose a single large dose 
lOO meg. per kilo) of the poison was given. 
lor the production of chronic poisoning 
ihe doses ranged from 5 to 33 mg. per kilo 
body weight given every day except on 
Sundays and holidays. The TANT. used in 
ills investigation was obtained from va- 
rious shell-filling plants and represented a 
product of average purity. A chemically 
pure “P.N.T. was prepared for us by Dr. 
\larcus of this laboratory. In most of the 
periments the poison was administered 
‘ler by mouth in the form of gelatin 


psules or subcutaneously dissolved in 
e oil, 


A small number of animals re- 
ved the T.N.T. in the form of fine dust 
ctly into the lower air passages. For 
> purpose the animals were anesthetized. 
niall catheter was inserted through the 
‘ica into the left bronchus and the fine 
!’. dust was then blown into the lungs, 
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this being followed by the immediate with- 
drawal of the catheter, care being taken 
that none of the poison should come into 
contact with the animal’s mouth. A few 
animals received the poison dissolved in oil 
intraperitoneally. 

The condition of the animals was care- 
fully watched and the kind and severity of 
svmptoms observed were recorded daily. 
A specimen of urine was secured each day 
(except Sundays) by means of catheter- 
ization, and these urines were submitted to 
various tests for the presence of abnormal 
constituents, such as sugar, protein, bile 
pigment, and ‘T.N.T. and its derivatives. 

Particular attention was also paid to 
changes in the blood in this condition. For 
this purpose the blood of each animal was 
carefully examined prior to and following 
the administration of the poison. In a con- 
siderable number of the animals a complete 
blood study was made, including a quan- 
titative estimation of the hemoglobin, the 
total blood volume, plasma volume, and 
pigment volume, the number and char- 
acter of the red cells, a leukocyte and dif- 
ferential count, the number of reticulated 
and nucleated red cells, the coagulation 
the the 
absence of bile pigments and 'T.N.T. de- 


time of blood, and presence or 
rivatives In the serum. 

In view of the fact that the work of 
Hunt (9), of Opie and Alford (10), and of 
Salant and Swanson (11) had shown that 
the character of the diet has a marked in- 
fluence on the toxicity of various sub- 
stances, and as Hooper and Whipple (12) 
had demonstrated that blood regeneration 
is materially influenced by the composition 
of the diet, it seemed important to study 
the effect of various diets on the course of 
the ‘'T.N.T. poisoning. Three diets were 
chosen for this purpose: (1) a bread and 
milk diet, approximately 
equal parts per weight of pasteurized milk 
and white bread; (2) a meat diet, consist- 
ing of medium fat beef with or without the 
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addition of calcium phosphate; and (3) a 
mixed diet contaiming white bread, pas- 
teurized milk, and medium fat beef in the 
proportion of 3,3 to 1. The relative propor- 
tions of protein, fat, and carbohydrates in 
these three diets were as follows: 


Protein Fat Carbohydrate 
Bread and milk 15 7 78 
i 20 14 66 
PE ice at aw 45 65 0 


These figures show that the bread and 
milk diet is rich in carbohydrates and rela- 
tively poor in fats and proteins. The meat 
diet, on the other hand, is rich in fat and 
protein, and the mixed diet occupies an 
intermediate position. 

Inasmuch as the British report had called 
attention to the probable conversion of 
T.N.T. within the body into certain re- 
duced compounds, particularly a hydrox- 
ylamine derivative, a number of reduction 
and oxidation products of ‘T.N.T. were pre- 
pared, and their pharmacological action 
compared with that of T.N.T. The solu- 
bility of these compounds in oil and water 
was also determined. ‘This phase of the 
work is of interest with respect to its bear- 
ing on the fate of T.N.T. in the body and 
the mechanism of the toxic action of the 
substance on the tissues and particularly 
the red blood corpuscles. A careful necropsy 
was made on all animals which died and 
all the tissues, with the exception of the 
central nervous system, were subjected to 
histological examination. 

Kaeplanation of Charts. — ‘The charts and 
their legends contain the essential informa- 
tion relating to and the results obtained by 
the experiments. The number and time of 
administration of the doses of T.N.T. are 
indicated by the arrows at the bottom of 
the charts. The figures immediately above 
represent the number of nucleated red cells 
per 200 white cells counted. The curves 
were obtained by plotting the mitial value 
obtained before the animal received ‘T.N.T. 
as 100 The theretore 


cent. curves 


per 
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represent the percentage fluctuations ad 
give a clear picture of the course of jhe 
poisoning as determined by the body 
weight and the blood changes. 


Discussion 


(a) Symptomatology.—In_ munition 
workers various symptoms, such as derma- 
titis, gastro-intestinal pain, constipation, 
bleeding from the nose, giddiness, cyanosis, 
breathlessness after slight exertion, anemia, 
and jaundice, have been attributed to the 
toxic action of T.N.T. The symptom-com- 
plex varies with the individual. In the 
milder form of poisoning, which is spoken 
of as “minor T.N.T. sickness,” there may 
be present cyanosis, dermatitis, nose bleed- 
ing, constipation and giddiness. The severer 
forms of poisoning have been divided into 
toxic Jaundice and aplastic anemia. 

Doses of T.N.T. ranging from 5 mg. to 
100 mg. per kilo body weight produced a 
more or less severe grade of intoxication, 
the severity of the latter being somewhat 
dependent on the size of the dose. After the 
larger doses the animals showed marked 
symptoms within a few hours, whereas the 
lowest dose used (5 mg. per kilo) did nol 
always lead to recognizable clinical mani- 
festations. 

The striking feature of T.N.T. poisoning 
in dogs is the fact that individual suscep- 
tibility plays a very important part. Cer- 
tain animals receiving a fairly large dose 
may not show as marked symptoms is 
others receiving 50 to 75 per cent. less 
T.N.T. This difference in individual susce}) 
tibility is very probably not due to differ 
ences in the rate of absorption of the poison, 
as T.N.T. is absorbed fairly rapidly. | 
more likely that different individuals d: 
differently with the poison after the pols’ 


' 
| 


is absorbed, a point which will be de 
with later on. 

Most of the animals developed wit! 
the first day after the administration 0! | 


T.N.T 
*- . . 


a very pronounced cyanosis 











mptom which is very common in T.N.T. 

ykers. The mucous membrane and 

gue of the dogs assumed a dark purplish 
-olor. This cyanosis was observed in some 
dogs as early as four hours after the admin- 
tration of a fairly large dose. In a few 
syimals which had received one large dose 
or repeated small doses this symptom was 
entirely lacking, in spite of the fact that 
‘hese animals finally died from the effects 
of the poison. In animals receiving the 
poison over a long period of time the 
cyanosis usually cleared up after the first 
two weeks, giving place to an anemic ap- 
pearance of the mucous membranes. At 
its height the cyanosis may be associated 
with a marked dyspnea, and the blood 
always contains considerable methemoglo- 
bin and is chocolate-brown in color. Oxy- 
gen inhalation has no effect whatever on the 
cyanosis, a fact which proves that the latter 
is essentially due to the large amounts of 
methemoglobin of the blood.* It is, how- 
ever, possible to lower the increased pulse 
rate and respiration observed in this condi- 
tion by allowing the animal to breathe a 
mixture of air and oxygen. 

In some of the experiments a_ very 
marked <incoordination was noted, which 
first appeared on the second or third day. 
When this occurs, the animal staggers and 
is apt to fall when attempting to walk 
downstairs. The incoordination is usually 
associated with a marked cyanosis and dis- 
appears in the later stages in chronic poi- 
soning. It appears as if this symptom is 
due to a teniporary functional abnormality 
ol the cerebellar centers. 

‘omiting and salivation were observed in 
‘ number of animals during the stage of 
acute intoxication. Constipation was some- 
lines noted, though as a rule the animals 


wered from diarrhea. The body weight 


his methemoglobin formation is due to the reduction 

\.T. to a hydroxylamine derivative, the latter acting 

¢ hemoglobin. Letsche (13) in Ztschr. f. physiol. Chem., 
Vol. 80, p. 419, has shown that hydroxylamine con- 
xyhemoglobin completely into methemoglobin. 
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and nutrition were maintained in a satis- 
factory manner in a considerable number 
of experiments of long duration. 

All animals developed an anemia, the 
principal features of which, and its causa- 
tion, will be discussed separately. In six 
dogs a marked icterus was observed, this 
being preceded by the excretion of a con- 
siderable amount of bile pigment with the 
urine. 
ers, but was never observed in these ani- 
mals. Ulceration of the mucous membrane, 
which was observed in the dogs on a bread 
and milk diet, has no relation to T.N.T. 
poisoning, but is due to a dietary defect. 

(b) Paths of Absorption of T.N.T.— 


From a practical point of view it was im- 


Dermatitis occurs in T.N.T. work- 


portant to determine by what channels 
T.N.T. can gain access to the blood and 
tissues. Under the conditions prevailing in 
the factories, the T.N.T. workers may come 
into contact with both T.N.T. vapor and 
dust, thus exposing the skin and the respira- 
tory and gastro-intestinal tracts to the 
poison. It was, therefore, necessary to 
determine whether these organs absorbed 
T.N.T. 

{xperiments which are not reported in 
detail have shown that dogs and cats 
which had received T.N.T. dust directly 
into the lower air passages developed a 
marked cyanosis within twelve hours, and 


their urine revealed the presence of a 
T.N.T. derivative. T.N.T. is evidently 


very readily absorbed by the epithelial cells 
of the bronchi. On account of the proba- 
bility of producing a pneumonia by this 
method of administration, no attempts 
were made to cause chronic poisoning in 
this way. 

T.N.T. is also very readily absorbed 
from the gastro-intestinal tract when it is 
given in the form of gelatin capsules. As 
T.N.T. is very readily soluble in fat, it 
might be expected that fat would favor its 
absorption. The comparison of the results 


obtained in animals fed either on a diet 
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poor in fat (bread and milk) or on a fat-rich 
diet (fat meat), however, shows that the 
presence of a considerable amount of fat in 
the food does not favor the absorption in 
any way. Within six hours after the feed- 
ing of T.N.T., the urine yields a positive 
test for the presence of a T.N.T. derivative 
(Webster test), and cyanosis, incoordina- 
tion and dyspnea are observed. 

The poison is also absorbed with great 
ease when injected subcutaneously in the 
form of a 3 per cent. solution in olive oil. 
These injections, even when repeated daily 
over several weeks, do not seem to lead to 
any local irritation at the site of injec- 
tion. Kramer and Meierhof (8) state that 
they have been able to produce T.N.T. 
poisoning in dogs with great regularity by 
means of skin inunction. We have not used 
this method, principally on account of the 
impossibility of ascertaining the amount of 
TNT. actually absorbed. T.N.T. is also 
readily absorbed from the peritoneal cavity. 
In conclusion, it is safe to say that T.N.T. 
is readily absorbed from the respiratory 
and gastro-intestinal tracts, the subcu- 
taneous tissue, the peritoneal cavity, and 
the intact skin. 

(c) Fate of T.N.T. in Body. — Moore 
and his associates of the British Medical 
Research Committee (7) briefly state in 
their report that T.N.T. is reduced, within 
the animal body, to 2, 6-dinitro-4-hydroxyl- 
aminotoluene, which is readily converted 
into 2, The 


chemical relation of these three compounds 


6-dinitro-4-azoxytoluene. 


is brought out by the following formulae: 
CH CH, CH. CH, 


xo.4xo, vxo./\xno.  wo./\No. no. ‘No. 


V V V O V 
NO» NHOH N N 
The hydroxylamine derivative is then 
conjugated with glycuronic acid and ex- 
creted in this form in the urine. Although 
the announced paper on this subject has 
not appeared up to this date,* it seemed of 


° See British Medical Research Council, Special Report 
Series, No. 58, 1921, 
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considerable interest to consider this qijes- 
tion of the fate of T.N.T. From previous 
work on the metabolism products of toluene 
and aromatic nitro-compounds, it is @ pr/oy 
possible that both oxidation and reduction 
might play a réle in the modification of 
T.N.T. According to Nencki and Giacosa 
(14) toluene is oxidized*in the body to 
Jaffe (15) isolated from the 
urine of dogs which had received large 
doses of 


benzoic acid. 
paranitrotoluene a substance 
which he identified as paranitrobenzoic 
acid, part of which was conjugated with 
glycocoll to nitrohippuric acid. Meyer (16) 
was able to isolate paraaminophenol from 
the urine of a case of nitrobenzene poison- 
ing. He also confirms some older obser- 
vations of Lewin (17), who claims that 
azoxybenzene occurs in the urine of ani- 
mals poisoned with phenylhydroxylamine. 
Walko (18) reports experiments which in- 
dicate that picric acid is reduced in the 
body to picramic acid. 

That trinitrotoluene does not occur as 
such in the urine of T.N.T. workers was 
shown by Moore and confirmed by us in 
the case of the urine of dogs poisoned with 
T.N.T. The so-called Webster test, which 
is used for this purpose, is based on the fact 
that 
sumes a purplish-red color after the addi- 


an ethereal solution of T.N.T. as- 


tion of an alcoholic solution of potassium 
hydroxide. This test is always negative in 
the dog’s urine if the fresh urine is directly 
extracted with ether. According to Web- 
ster it is essential to acidify the urine with 
20 per cent. sulphuric acid before the ether 
extraction. The ether extract so obtained 
then yields a dark purplish-red color upon 
the addition of an alcoholic potash solution. 
When carried out in this latter way, |''° 
test is usually positive in the extract 0! 
tained from the urine of dogs which have 
received T.N.T., indicating that unchanged 
T.N.T. is absent, but that a deriva’ 


giving the same test is present. This | 


rivative, according to Moore, is the ab’ 
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‘ioned hydroxylamine compound which 
o be split off from its combination with 
uronic acid by the acid treatment. We 
vd that the only derivative of T.N.T. 
which vields the same color as T.N.T. itself 
the hydroxylamine compound. It is, 
syefore, very probable that the hydroxyl- 
‘ne compound is one of the metab- 
T.N.T. We 


repeatedly examined the feces of our ani- 


olism have 


products of 


mals for the presence of T.N.T., but have 
never been able to get a positive Webster 
test. The bile, however, very often yields 
positive tests. Here also, as in the case of 
urine, it is necessary to add acid before 
carrying out the ether extraction, a fact 
which indicates that T.N.T. as such is not 
present and that, therefore, the test 1s prob- 
ably due to the hydroxylamine derivative. 

As to the quantity of the hydroxylamine 
compound which is excreted with the urine 
very little can be said, except that the 
Elvove (19) 
applied to dog’s urine accounts for only 
irom 9 to 42 per cent. of the T.N.T. given 
to the animals. 


method described by when 


An important fact which we wish to em- 
phasize particularly is the absence of any 
relation between the urinary Webster test 
and the severity of the intoxication, as 
determined by the clinical symptoms and 
the grade of the anemia. The data pre- 
sented in this report conclusively show that 
the Webster test may be persistently nega- 
live in spite of the presence of marked 
cyanosis and incoordination, and that, on 
the other hand, it may be strongly positive 
i animals in which the symptoms are not 


t ~ ? 


eclally pronounced. 

We have also frequently made the ob- 
‘tion that during the first month of 
© poisoning the urine of the dog 

a very marked Webster test, but 
this test nearly always becomes nega- 
in the later stages of poisoning, and 

spite of the fact that the animal still 


s the poison and shows evidence of a 
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progressing anemia. We believe that this is 
an indication of a change in the disposition 
of the poison by the body, in the sense that 
the hydroxylamine compound is further 
reduced to the mono or diamino derivative 
of ‘T.N.T., substances which do not give 
the Webster test but 
same pharmacological action as ‘T.N.T. 

It is also possible that part of the T.N.T. 
is oxidized to trinitrobenzoic acid, which 


which possess the 


would combine with glycocoll to form 
trinitrohippuric acid. We have been able 
to show that trinitrobenzoic acid, when 
given in doses of the same order as those 
required for the production of 'T.N.T. poi- 
soning, has no evident effect on dogs. This 
substance is, to say the least, much less 
toxic than either T.N.T. or its reduction 
products. This difference in toxicity of 
T.N.T. and trinitrobenzoic acid is very 
likely due to the greater water solubility of 
the latter, a fact which favors its rapid re- 
moval from the body through the kidney. 
It is quite possible that the difference in the 
resistance of different individuals to T.N.T. 
poisoning may be explained by assuming 
that the more resistant animals oxidize the 
methyl group of T.N.T. more readily than 
the more susceptible individuals. 

There remains much to be learned about 
the fate of T.N.T. and other aromatic nitro 
derivatives in the body. May it suffice here 
to state that the marked variation in the 
resistance to the poison may be easily ex- 
plained on the basis of the assumption that 
the reactions involved in the transforma- 
tion of T.N.T. in the body may differ both 
qualitatively and quantitatively in dil- 
ferent animals of the same and different 
species. 

Trinitrotoluene or some of its deriva- 
tives are retained in the tissues for a con- 
siderable time, as shown by the progressive 
anemia observed in dogs after a single dose 
of the poison and the slow recovery after 
the animal is taken off T.N.T. This reten- 
tion of T.N.T. or its reduction products is 
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probably due to the fact that these com- 
pounds are very insoluble in -water, render- 
ing their elimination with the urine difficult. 

(d) Necropsy Findings. — All of the ani- 
mals that died from chronic T.N.T. poison- 
ing were anemic and showed the following 
characteristic pathological changes which 
must be attributed to the action of this 
poison: 

The endothelial phagocytes of the spleen 
pulp, bone marrow, and liver contained 
engulfed red cells and a varying amount of 
granular hemosiderin. These pigment 
granules were frequently as large as red 
corpuscles. The pigmentation was most 
striking in the spleen and bone marrow. 
(Fig. 1.) The liver pigment was usually 
confined to the swollen Kupffer cells within 
the liver capillaries. At times groups of 
hemosiderin-containing phagocytes were 
found about the portal spaces. The liver 
cells rarely contained even a small amount 

















Fic. 1.— Spleen pulp in chronic poisoning containing 
maximum amount of hemosiderin. Perl’s reaction. 


(Fig. 2.) 
The mesenteric lymph glands occasionally 


of finely granular hemosiderin. 


contained a few hemosiderin-holding phag- 
ocytes. 
A mild icterus was found in six of the 


thirty-nine animals. In these cases the 
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subcutaneous fat and the intima of th, 
aorta yielded a positive test for bile 
ment. 

A myeline degeneration of the sciatic 
nerve occurred in the majority of the ani. 


pig- 

















Fic. 2. — Liver in chronic poisoning showing the hemo- 
siderin in the swollen Kupffer cells within the liver capil- 
laries. The liver cells do not contain hemosiderin. Perl's 
reaction. 


mals in which this nerve was examined 
histologically, irrespective of diet. 

In some of the dogs fed on medium fat 
beef the liver showed a definite fatty change 
chiefly confined to the liver cells surround- 
ing the efferent veins. Hyaline necrosis 
was not found, although in a few cases 
small areas of focal necrosis were detected. 

Animals sacrificed within a few days aiter 
administration of relatively large doses of 
T.N.T. showed a varying degree of splenic 
In these animals the endothelial 
phagocytes of the spleen pulp, bone mat- 
row, and the Kupffer cells of the liver con- 
tained many engulfed red corpuscles. ap- 
parently intact, and a small amoun! of 
granular hemosiderin. (See Figs. 3, +. %-) 

A hyperplastic bone marrow was found 
in all of the animals except those sacrificed 
within a few days after the administra {100 
of the first dose. 

In addition to the above changes 4 
ber of the animals with a complicat.’ 


tumor. 


im- 
in- 
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yrent infection showed bronchopneu- 
4. acute nephritis, cloudy swelling of 
iver, and splenic tumor. ‘Two dogs of 
‘i. ajixed diet series and five dogs of the 














Hig. 3. — Mononuclear phagocytes with engulfed red 
ells from the spleen pulp in acute poisoning. 
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Kupffer cells containing red cells and pigment 
liver capillaries in acute poisoning. 


and milk diet series showed an ex- 
¢ superficial ulceration of the oral 
ls membrane, changes brought about 

deficient diet and not by T.N.T. 


Pathogenesis of Anemia and Icterus. 
salient feature of chronic T.N.T. 
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poisoning in dogs is the anemia so con- 
stantly present and the mechanism of this 
red cell destruction. 


On reviewing the 


literature on physiological blood destruc- 
tion it is evident that a certain proportion 
of the erythrocytes are continuously broken 


down and replaced. Ashby (20) showed 
that the length of life of transfused blood 
corpuscles in man is thirty days and more. 
As to the fate of the erythrocytes, present 
knowledge is still inadequate. 

As long ago as 1901, Hunter stated that 
two different processes of blood destruction 

















Fic. 5. — Bone marrow in chronic poisoning. Note the 
amount of hemosiderin within the phagocytic cells. Perl’s 
reaction. 


may be distinguished — one in which the 
red corpuscles are phagocytosed without 
loss of hemoglobin, the other in which the 
red corpuscles undergo hemolysis with the 
liberation of hemoglobin within the blood 
stream. ‘The first process 1s characterized 
by a gradual decay of the red corpuscles 
while still circulating. They become 
spherical, deeper in color, and retain their 
hemoglobin until they are enclosed within 
the active cells of the spleen, or leukocytes 
of the blood, and are stored up within the 
spleen or in the capillaries of the liver. 
Within these cells the whole of the hemo- 
globin of the corpuscle is converted into 
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hemosiderin. The pigment so formed is 
characterized generally by the varying size 
of its granules, some of which correspond in 
size to that of the original red corpuscles. 
In the liver, the pigment is found within 
the capillaries and never within the liver 
cells. The second process is marked by the 
liberation of hemoglobin from the red cell 
within the blood stream. The hemoglobin 
escapes from the corpuscle, either alone or 
In combination with thealbuminous stroma. 
It is carried to the liver and is broken up by 
the liver cells. 

Recently Rous (21) 
showed that a hemolytic process, in the 


and Robertson 
ordinary sense of the term, at most plays a 
very minor part in normal blood destruc- 
tion. They state that phagocytosis will not 
suffice as a general explanation of normal 
blood destruction and that the red cor- 
puscles, in those species in which phago- 
cytosis is negligible, are fragmented one by 
one, while still circulating, to a fine hemo- 
globin-containing dust which is eventually 
removed from the blood by the spleen, and 
under exceptional conditions by the bone 
marrow. 

In certain anemias, on the other hand, 
such as those produced by hemolytic im- 
mune serum and by certain poisonous sub- 
stances (toluylenediamine, sodium oleate, 
phenylhydrazine, arseniated hydrogen, 
etc.), the destruction of the red corpuscles 
takes place by hemolysis within the cir- 
culating blood. The hemoglobin escapes 
from the corpuscles into the plasma and a 
hemoglobinemia ensues. If the concentra- 
tion of hemoglobin in the plasma is great 
enough, it will escape through the kidneys 
into the urine. ‘The liver cells contain an 
excess of hemosiderin in consequence of 
hemolysis, not of phagocytosis of red cells. 
The hemosiderin granules so arising are 
small and more or less uniform in size. 

According to Pearce, Austin, and Eisen- 
brey (22), hemoglobin escapes into the 


urine of normal dogs when the concentra- 
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tion of free hemoglobin in the blood plasm, 
is approximately 0.06 gm. of hemog|obiy 
per kilo of body weight. The blood of the 
dog contains approximately 16 per cent, of 
hemoglobin, so that it would require the 
hemolysis of the red corpuscles contained 
in only 4 ¢.c. to cause a hemoglobinemia jy 
an animal weighing 10 kilos. 

The anemia produced in dogs by T.N.T. 
is characterized by a very rapid destruction 
of the red corpuscles. The percentage of 
hemoglobin in the unit of blood diminishes. 
The pigment volume, representing the total 
amount of hemoglobin in the circulating 
blood at the time of the blood volume de- 
terminations, drops in certain animals to 
50 per cent. or less within fifteen days, 
especially in those on a bread and milk diet. 
Coinciding with this decrease in pigment 
volume there is a marked diminution in the 
total blood volume corresponding roughly 
to the extent of the reduction of the red 
blood cell volume. This rapid blood de- 
struction is not accompanied by the ap- 
the blood 
In many cases there is 


pearance of hemoglobin in 
plasma or urine. 
also a complete absence of bile pigment in 
the blood plasma and urine. The number 
of red corpuscles is usually markedly de- 
creased. In a few cases, however, the 
erythrocytes have fragmented to such @ 
degree that their actual number per cubic 
millimeter of blood is considerably - 
creased above normal, while the total pig- 
ment volume and red blood cell volume 
show a very marked decrease. (See Fig. °. 
Fragmentation of red cells has been mos! 
marked in dogs on a bread and milk diet. 
hro- 


Anisocytosis, poikilocytosis, and pol) 


matophilia were common findings the 
degree of such abnormalities usuall) cor- 
responding to the degree of the anciilt 
The detailed examination for disintegr® + 
red corpuscles in dogs acutely poisone:| T 
vealed the presence of considerable 


bers of these cells in the blood, spleen 


marrow, and liver. They were oiten 
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Na = .ctimes they were as large as and even = scopic examination. The methemoglobin 
m $f )...or than the normal red cell. Most of is confined exclusively within the red 
he ‘ly were characterized by a translucent corpuscles and does not occur in the 
a § );-ler-like elevation extending from a por- plasma. 
he & of the cell and having at times a As stated above, in the necropsy findings, 
ed sonewhat irregular outline. The hemo- the spleen pulp, bone marrow, and, at 
Mn elobin mass within these cells stamed times, the mesenteric lymph glands con- 
unitormly and deeper than the surrounding tain numerous large mononuclear phago- 
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VUMBERS WITH X= NUCLEATED REO CORPUSCLES. 
ic. 6. — Adult male. Slight evanosis, salivation, 
conjunctivae between the 46th and 65th days and bet 


and incoordination. Food consumption fair. Slight icterus of 
ween 88th and 93d days, accompanied by an increase in bile 


ments in the urine. Leukocytes varied between 4,200 and 22,400. Reticulated cells 12 to 95 during the first 71 


Ss Nue le: ated reds from none to 7. Anisoc ‘ytosis 


and b: isophili: _% 


‘opsy. — Emaciation. Extensive superfici: al ulceration of oral mucous membranes. Bone marrow hyperplastic. 


n pulp, liver capillaries, bone marrow, and mese 


nteric lymph glands contain hemosiderin-holding phagocytes. 


Vote the increase d fragmentation of erythrocytes between the 12th and 54th days. 


red corpuscles. Other cells were found 


1 the hemoglobin was apparently 


| 
{ 


at 


ded by a clear portion. (See Fig. 


shadows were not encountered. 


in within a few hours from anim 


: a moderate dose of.T.N.T.. is choco- 


‘own in color and contains large 


if corpuscles 


in cytes loaded with granular hemosiderin 
some of the granules are as large as the red 


and in acute poisoning, espe- 


lvzing red corpuscles or red cor- cially, the phagocytes contain engulfed red 


The Kupffer cells of the liver 


corpuscles. 


od, aspirated from the external jugu- are swollen and contain hemosiderin and 
als redcorpuscles. At times there are groups of 


hemosiderin-containing phagocytes about 


the portal areas. 


''s of methemoglobin on spectro- contain hemosiderin, 








The liver cells rarely 
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A further important observation in de- 
termining the mechanism of the blood de- 
struction is that T.N.T. does not produce 
hemolysis in vitro when added directly, or 
defibrinated 
blood, citrated blood, or washed red cor- 


dissolved in olive oil, to 


puscles. From these experiments it is 
evident, however, that T.N.T. is absorbed 
by the red corpuscles, since part of the 

















iia. 7. Disintegrating red corpuscles from the blood 
of an acutely poisoned T.N.T. dog Wright’s stain. 


oxyhemoglobin is changed into methemo- 
globin within twenty minutes at 37° C. 
On the basis of these observations the 
following explanation may be made of the 
mechanism responsible for the blood de- 
T.N.T. or 


some of its derwatives, being lipoid soluble, 


struction in T.N.'T. poisoning. 


are absorbed by the red corpuscles and change 
part of the oxyhemoglobin into methemo- 
globin. Disintegration of the red corpuscles 
follows without the liberation of hemoglobin 
or methemoglobin into the blood plasma. The 
injured cells are then engulfed by the en- 
dothelial phagocytes of the spleen, of the bone 


marrow, of the lymph glands, to a certain ex- 
tent, and by the endothelial Kupffer cells of 
the liver, The engulfed red cells are in turn 
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broken down within the endothelial piiago. 
cytes with the formation of bile pigmen! and 
hemosiderin. 

The bile pigment which at times occ 
in the urine of dogs poisoned with T.N.'~ 
without the appearance of icterus can he 
‘asily explained when it is remembered 
that the dog’s kidney excretes bile pig. 
ment very readily and that normally the 
blood plasma does not contain any bile 
pigment. A trace of bile pigment in the 
urine of normal dogs is commonly found, 


const}- 
On the 
other hand, the threshold value of the 


especially when the animals are 


pated or during fasting periods. 


human kidney for bile pigment is relatively 
high and plasma contains a considerable 
amount of bile pigment before it appears in 
the urine. Gilbert Herscher (23 
showed that the human serum 
contains from 25 to 35 mg. of bilirubin per 
liter. Panton (24) studied the blood of 100 
munition workers exposed to T.N.T. and 


and 
normal 


found that 20 per cent. had an increase of 
bile pigment in the serum without its ap- 
pearance in the urine. The increase of bile 
pigment found at times in the urine oj 
poisoned dogs corresponds to the increase 
of bile pigment in the plasma of muni- 
tion workers — probably brought about in 
either case by the increased destruction o! 
red corpuscles by the endothelial phago- 
cytes and the consequent formation of bile 
pigment within these phagocytes. 

Six dogs out of thirty-nine showed slight 
but definite clinical icterus of the mucous 
membrane of the mouth and conjunctiva. 
accompanied by the appearance ol bile 
pigment in the blood plasma and consider 
able amounts in the urine. In four ot | hies¢ 
dogs the icterus appeared several da) 
fore death. At necropsy the intima 0! t!! 
aorta and the subcutaneous fat were (leh 
initely bile stained and gave positiv: 
for bile pigment. The kidneys in two 
The slight 


changes occasionally found in the liv: 


animals were normal. 
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Cy 


not be held responsible for the icterus. The 
bile in all four cases was very dark and 
viscous. Special attention is called to the 
transient nature of the icterus observed in 
two of the dogs. In these animals the 
icterus coincides with periods of very ac- 
Furthermore, five 
out of the six animals that developed icterus 
were fed on meat, a diet which stimulates 
blood regeneration. On this diet the num- 


tive blood destruction. 


ber of red corpuscles formed, and possibly 
the number undergoing disintegration, is 
greater than on a bread and milk diet, 
which, as already pointed out, is not as 
satisfactory for blood regeneration. 

Possibly the icterus of these animals was 
of an obstructive type and hepatogenous 
In origin due primarily to the viscid bile 
which led to obstruction in the smaller bile 
ducts, with consequent absorption of the 
bile by the hepatic capillaries and without 
definite liver injury. Another possibility is 
a functional disturbance of the liver cells, 
rendering them incapable of dealing with 
the bile pigment, as normally 

The primary rapid blood destruction ob- 
served in the dogs chronically poisoned is 
followed by an evident blood regeneration, 
as seen by the increase in the number of 
nucleated and reticulated * red corpuscles 
in the circulating blood and by a polymor- 
phonuclear leukocytosis in most cases. In 
tem- 
porarily overcame blood destruction, fol- 


some animals blood regeneration 


lowed by a partial return to normal of the 
pigment volume and the total blood vol- 


ume. (See Fig. 8.) Then, unless the 
T.N.T. was discontinued, a_ recidivation 


followed the period of active blood regen- 
eration which was associated with a grad- 
and a 
reduction in the number of nucleated and 


ual fall in the pigment volume 


reticulated red corpuscles. 


* An increased number of reticulated red corpuscles in 
the circulating blood is considered by Vogel and McCurdy 
(25), Lee, Minot, and Vincent (26), and Robertson (27) to 
be very good evidence of increased activity of the erythro- 
blastic system. 
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All of the animals which had receive; ¢}, 
poison up to the time of death invariably 
showed a hyperplastic bone marro\y at 
necrospy in spite of the presence of a very 
severe anemia. | 

(f) Influence of Diet.—On account 0} 
the considerable difference in the individya| 
susceptibility to chronic T.N.T. poisoning. 
it is rather difficult to determine the exage 
influence of various diets on this intoxics- 
tion. The number of experiments which 
would have to be carried out in order to 
obtain reliable data on this point would of 
necessity be very large. For this reason, 
the results obtained in this investigation, 
while not absolutely conclusive, are at 
least highly suggestive. It is seen that the 
animals on a mixed or meat diet seem to be 
more resistant than the dogs fed on bread 
and milk. The animals belonging to this 
latter group as a rule show a more acute 
and severer anemia, and die sooner. 

(g) Importance of Impurities in Crude 
T.N.T.— The T.N.T. used for the manu- 
facture of high explosive shells is not a 
chemically pure substance, although it is a 
fairly pure product consisting of approx- 
imately 99 per cent. 2, 4, 6 trinitrotoluene 
CA BAR 

Various writers have attributed the toxic 
action of T.N.T. to the impurities con- 
tained therein, among which may be men- 
tioned traces of 8 and y¥ trinitrotoluene and 
especially tetranitromethane. 

The results reported in this paper clearly 
demonstrate that there is no qualitative 
nor quantitative difference in the plhiar- 
macological action of the ordinary T.N.1. 
obtained from shell-filling plants and chem- 
ically pure 2, 4, 6 trinitrotoluene. Ths 
latter substance was prepared by Dr. 


r) . ol} le 
Marcus of this laboratory. Dr. Marcus @s° 


suc- 


tried to isolate the impurities, bu! 


\ 


+ For literature relating to the manufacture o! 
the reader is referred to Arthur Marshall’s “ Exp 
J. & A. Churchill, London, England; and G 
“'T.N T. Manufacture,” New York, Van Nostra 
pany, 1918. 
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d only in obtaining a few milligrams 
‘rinitrotoluene from 785 gm. of the 
nercial product. The fact is, there- 
well established that the toxic action 
\! the commercial product is essentially 
jue to 2, 4, 6 trinitrotoluene. 


i) 


rore. 


Summary 


The results obtained in this work may be 
briefly summed up as follows: 

\ condition may be produced in dogs 
which in the most essential respects very 
closely resembles T.N.T. poisoning in the 
human. The 
cyanosis, methemoglobinemia, choluria, 


symptoms observed are 
dyspnea, inco-ordination, and_ salivation. 
An anemia appeared in all animals and in 
six a definite icterus was noted. The blood 
destruction is due to an injury of the red 
blood corpuscles leading to increased phag- 
ocytosis of these cells in the spleen, liver, 
and bone marrow (phagocytic anemia). 
Blood regeneration usually proceeds very 
slowly after the withdrawal of the poison. 


The icterus is caused primarily by the 
enormously increased breakdown of hemo- 
globin within the phagocytic cells of certain 
organs and in this respect is hematogenous 
in origin. Acute yellow atrophy of the liver 
was never observed in any of the animals. 
The toxic action of T.N.T. is essentially 
T.N.T. is 
changed in the body and is not excreted as 
such. 


due to 2, 4, 6 trinitrotoluene. 


Reduction and oxidation may take 
part in this transformation. The reduction 
products have the same pharmacological 
action as T.N.T. 
only oxidation product studied, is much 
less toxic than either T.N.T. or its reduc- 
tion products. A marked variation in in- 
dividual 


Trinitrobenzoie acid, the 


and species susceptibility was 
observed, which is probably dependent on 
the nature of the change undergone by 
T.N.T. in the body. A definite tolerance to 
the poison was never established. 

The composition of the diet seems to be a 
factor influencing the susceptibility of the 
animals to T.N.T. poisoning. 


(To be continued) 
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BOOK REVIEWS 


The Human Motor or the Scientific Foundations 
of Labor and Industry. By Jules Amar, D.Sc., 
Director of the Research Laboratory of Industrial 
Labour at the Conservatoire National des Arts et 
Métiers, Paris. Translated by Elsie P. Butterworth 
and George E. Wright. Cloth. Pp. 470 with illustra- 


tions and index. London: George Routledge & 
Sons, Ltd.; New York: E. P. Dutton & Company, 
L920. 


Before the publication of the present volume 
in English, Amar’s work had already become 
well-known in this country through his Phy- 
stology of Industrial Organization and the Re- 
employment of the Disabled, which appeared in 
1919, and in which frequent references were 
made to his more fundamental work, The Hu- 
Motor. The present volume is thus re- 
ceived with great interest. 


man 


Since the book is addressed to the practical 
man in industry as well as to the investigator, 
the author's wisdom is at once evident in be- 
ginning with a consideration of the general 
principles of mechanics most obviously con- 
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Med. 
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cerned in the movement and work of the human 


machine. 


In the subsequent chapters which 


comprise the first part of the book, the following 


subjects are considered: the structure 0! 


the 


body; neuromuscular action and the energy 
exchanges in rest and work, and the relation 0! 
diet thereto; human energy, including thie con- 


sideration of speeds, loads, and effort; fat 


Vue, 


the internal environment and_ the pliysico- 
chemical conditions within the body; and ex 


ternal environment. The second half of 
book is devoted to experimental meth d 
measurement applicable to industrial labor 
to the results that have been obtained }: 
methods. 

There is sufficient reason for devoting 
section of the volume to general physi 
physiological principles as a matter of « 
ience for the general reader. Opportunt' 
thus be taken to emphasize aspects of | 
ject more directly related to industria’ 
ology. Amar’s treatment of general ph, 
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jatters bearing upon work is stimulating 
uggestive, but it is questionable whether 
eneral reader would obtain an adequate 
eption of the subject in such a brief treat- 
t. 

yy reviewer would perhaps find objections 

ome views of any writer upon the general 

‘ect of physiology, and it should not, there- 

» detract from the merit of the work as a 

le to criticize certain statements and con- 
ions. The work quoted on the systolic 
od pressure for the different ages does not 

“ee with the general views at the present 
‘lime as regards normal blood pressure, the 
average pressure for the ages between 20 and 40 
given by Amar as 170-190 mm. Hg. 

\s to the chemical phenomena occurring in 
fatigue, the statements that toxins are pro- 
duced in the muscle, and that “the blood by 
circulating more quickly during work washes 
the poisons out of the tissues and carries them 
to the suprarenal glands which secrete adrenalin 
by which they are neutralized; it oxidizes them 
itself by the oxygen which it contains,” do not 
represent the best opinions on the subject. Of 
the same type is the following statement: 
* sweat is a toxic waste and is, produced 
during fatigue. ‘The poisons which it eliminates 
in 24 hours would be sufficient to endanger an 
adult subject. Poisoning sometimes takes place 
in a hot, humid atmosphere if the sweat has not 
been able to leave the body.” 


hems: 


y 


This erroneous 
view is frequently encountered among people in 
industry. The statements that the blood of 
obese subjects is less rich in red corpuscles; that 
scnile decay affects tall people most; that one of 
the effects of an electrified environment, as 
after a violent thunder-storm, is anemia: that 
(he application of a moderate current appears to 
increase the power of muscles for several days; 
that “chloride of sodium intervenes in the 
mictabolism of the body to protect the pro- 
leids,” should not be allowed to pass without 
question. Reference is made to creatinin in 
ection with muscular activity, but evi- 
creatin is referred to. 
1¢ translation is not altogether good, and 
result’ unconventional expressions are 
onally used, and the author’s meaning is 
ines obscure. As an example of the 
er, we find in the index a reference to 
lorce,” with a test for renal force illus- 
| the test being a measure of the strength 
‘umbar muscles by means of the dynamo- 
As an instance of obscure meaning, the 


following sentence, which occurs in the discus- 
sion of nerves, may be cited: “They emanate 
from determined centers, these centers being 
cellular, but the ‘nervous cell’ emits a very 
long prolongation to the centrifugal function, 
the cylindric axis, and short appendices, ‘the 
dendrites,’ which connect it with the neighbor- 
ing cells” (p. 99). Moreover, through some 
mistake of labeling or shading the drawing of 
the knee joint, an entirely erroneous impression 
of this structure is given (p. 103). 

The author makes several references to dif- 
ferences associated with sex, but does not un- 
dertake a general discussion of these differences 
as bearing upon fitness for various kinds of 
work. The female suffers in the conventional 
manner through comparison but it seems a bit 
unfair to her to draw attention to slight dif- 
ferences in the water content and density of her 
nervous matter. She is found to possess less 
muscular strength, and this is more important. 
In view of more recent results of Martin, how- 
ever, and the same criticism apples to com- 
parisons of the strength of different races, the 
effect of occupation probably has not been duly 
taken into account. 

The real contribution of Amar is in pointing 
out the applications of physiological methods to 
the study of labor, the results obtained, and 
those to be expected. His own work has con- 
sisted of investigations of pressure and speed of 
movements by means of Marey tambours and 
recording devices, following the lead of Imbert 
in this technic, and of correlating these re- 
sults with observations upon the oxygen con- 
sumption, respiratory rhythm and heart beat. 
By means of this technic he has determined 
the work accomplished in relation to the energy 
expended in several kinds of labor, at various 
time rates. Interesting and valuable results are 
given. 

Amar’s chief incentive is apparently found in 
the shortcomings of the methods of Taylor and 
his followers through their failure to take into 
account the physiological principles concerned 
in human work. ‘The same criticism has been 
frequently made, and indeed with justice. 
Industrial engineers have frequently stated 
speeds, loads and percentage of time in func- 
tional activity in relation to lengths of rest, 
without taking into account the physiological 
factors already known, and without making 
physiological research where such knowledge is 
inadequate. While Amar must surely convince 
even the practical engineer of the richness of 
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this field of investigation he demonstrates, per- 
haps more than he realizes, its present short- 
comings. He is least of all to be criticized in 
this respect since he is actively working in this 
field. In making this criticism it is not my pur- 
pose to defend any continued neglect upon the 
part of industrial engineers to ignore physi- 
ological facts and methods in their studies, but 
rather to stimulate greater effort on the part of 
physiologists. 

The two salient deficiencies, in so far as 
scientific management is concerned, are briefly: 
first, inadequate methods of determining and 
stating the work of the human machine; and, 
secondly, inadequate means of determining the 
effects of work upon the human machine, 7. e., 
fatigue. In the determination of work, Amar em- 
ploys the customary methods used in the past. 
For example, a man uses both hands in filing 
and makes both vertical and horizontal pressure 
upon the file. The pressure in both directions is 
determined in kilograms. He moves the file a 
certain distance in the horizontal plane. The 
work which he accomplishes is determined by 
multiplying the horizontal pressure by the dis- 
tance through which the file is moved. The 
downward pressure is disregarded. From a cer- 
tain standpoint this may be of value — pos- 
sibly, in comparing the efficiency of the human 
machine with other types of machines—but from 
the standpoint of determining quantitatively the 
physiological activity involved in the work as a 
basis of reckoning daily functional activity, it is 
inadequate. ‘Total muscular activity, however, 
may be inferred from studies on oxygen con- 
sumption. This was done in the case of filing. 
It must be recognized, however, that the oxygen 
consumption gives no indication of the de- 
mands made upon particular muscle groups 
and, furthermore, that it does not indicate the 
demands made upon the special senses and 
nervous system. QOur technic must, therefore, 
to include measurements of the 
activity of particular muscle 
groups and other structures concerned in work, 


be extended 
physiological 


if we are to obtain measurements indicative of 
the demands made upon the human machine. 
In connection with muscular activity it has long 
seemed to me that more fruitful results would 
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be obtained by expressing this in terms of ep. 
sion multiplied by time rather than of weigh; 
times distance. 

In the matter of determining the effect of 
work upon the human organism, Amar offers 
little assistance to the engineer. In the ex. 
amples given, he recognizes fatigue produced jn 
the work, by irregularities in respiration, pain 
in a muscle group, unusually high performance 
in terms of kilogrammeters, and by oxygen 
consumption, and as we know these are no} 
reliable criteria of fatigue. His contribution to 
the energy exchanges in the work of an appren- 
tice as compared with a skilled worker is an 
additional plea for a detailed study of movye- 
ments in occupation and standardization of the 
most efficient movements, which, it should be 
noted, may not be those of the shortest paths or 
necessarily those requiring the lowest oxygen 
consumption. The method suggested, which 
involves a study of the movements of the most 
efficient workers, is likely to prevent falling into 
such errors. 

Amar indicates the advantages to be gained 
through proper selection of workmen but does 
not discuss this aspect of the subject. His 
classification of men into four types — the 
digestive, the muscular, the respiratory, and 
the nervous types, each suited especially to cer- 
tain types of activity — seems far-fetched; also 
the statement that subjects with a stronger will 
have more endurance hardly admits of practical 
application. 

Under external environment there is a brief 
discussion of atmospheric pressure, the effects 
of gases and vapors, etc. In connection with 
high altitudes the work of English investigators 
is not mentioned, and in connection with cais- 
son sickness the advantage of gradual decom- 
pression of the air pressure is not referred to. 
Moreover, the work referred to in connection 
with the occurrence of diabetes following 
exposure to aluminum fumes should be ques- 
tioned. 


: : . . 

Amar is a pioneer and his excellent hook 
should stimulate both the practical man 11 ID- 
dustry and the laboratory worker to a fuller 


realization of the fruits which may be re: ped 
through endeavor in this field. 


A. H. liyan. 





